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OBJECTIVES . o

TR T . Lo »

A. ‘Weak acids, 'weak bases and their salts:, . .
' Upon completioQ qf thgé'section you shoul® be able to- ; o
1. use the approPriate equilibriun constant, K, to determine 501,
©~ [OH"), pH, and percentage disaociation of a weak acid or weak base.
2. .use pH,‘percentage dissociation of HsO to determine the equ1librium

74

4

constant, K; for a weak ac:Ld or weak base. ‘ P :
3. d\sxlngu1sh between ' )

a. ‘wegk ‘acid and a streng acid,

~b. weak base and a sgrong base. . . K

. test the validity of approx1mafL solutlons to the equation involving

: weak acids, weak bases and thalr salts )

g, classify various salt solutlon° as aCldlC, basic or neutral (determlne
- the pH of the salt . sodutlons given X for the réaction of salt jons
) " with water).

~ " ’

3 . ! ' . .
B. Common 1ion and buffer solutions.

a - . S
When you have finished this section you should be able to ‘-
1. app]y Le Chateller s pr1n01ple to ionic equlllbrla S - <t

?. use the equilibrjum constant, K, and buffer concentratlons qof a par=

‘ ' tidlly d\osoc1ated acid and 1&5 salt to calculate the pH of a buffer S

» -

‘ S solution before,t during and after the addifyion of a strong acid or
base. o . K - ’ -
\ - 3. compare .the bchav1or of a, baffered solution with that of an unbuffered '\ .y
oolutlon upon the addition of a strong ‘acid or a strong-base. ;
. . . . ( ‘ . \
.  PREREQUISITES L LI
You should be able to do the f6110w1ng be fore attemptlng this unit:
1. ‘deflne “and illystrate '
' ~ a. pH A _ d. " a strong base '
b. pOH N . e. a Brdnsted-Lowry acid
! ¢. a strong a01d f. a BrOnsted-Lowry bas? )
Ny .
2. calculate [OH 1 given [HsO 1 and vice versa. '
—_— . p .
. 3. convert [HgO ] to pH and vice vehsa. _ e
b, write balanced net ionic equations for acid-base react%ﬁns. . >
¢ . Vo . ' '
) P | .
. ] \ " : '
PRE-TEST X ~ b
’ &

1. Given a 0 001 mole/l aqueous solution of HC1l, calculate:
o -a. [H30 ) ' - . c. the po ) N
'b., the pH . _‘ d. the [OH™ T T ‘

\;\m
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Calculata the pH of an.HC1l golution with [H:O 3 = 3.5 x107 ' mole/1.
Calculate the -[OH™] concentration of a KOH solution whose pH = 12.26.
Define and fllustrate a Br8nsted-Loyry acid and a Br¥nsted-Lowry base.}
Write an ionic déquation for the ‘ifonization -of HC1 ih‘water. _—

Write an onic cquation for the jonization of KOH in water. .
Which of the foliowlng would yield the 1arger number of H, o ions?

a. 100 ml of 0. 1 mole/1 HC1. -
.b. 100 ml of 0.\ mole/l CH;COOH, acetic acid, (we%k a;nc_,\id'). ‘
. SO ® N ,
. Answers to pre-test: . '
1. a. 0.001 mole/l since HCL is strong asia - g 7
b. 3 ’ e
c. 11 . ’ . . .
d. 1:0 x 107" mole/1l - ‘ ‘
2. 16 ‘ ; C
~1.78 X 10772 mole/1 - .
.-LBronsted Lowry acid is a’ proton donor; . '
*  HCN. + H,0 =— Hy0' + oONT
acid : 0

-Bronsted Lowry base.ls a proton acceptor,

- CHsNHz + H 0. ==X CH,NHY + OH ™ : . )
‘base ! '
+ -
1l + H0 —= Hy0' + Cl |
. - R o ' 1
ko 2% x* + on” - y \

a. 100 ml 0.1 mole HCl yields 0.01 mole\HgO ion -- strong acid completely

L3

ionized. -

b. 100 ml 0.1 mole CHJCOOH yields 1eSs.than 0.0Y mole HaO+ since it is a

weak acid and not completely ionized. .

-

tw

INTRODUCTION,

‘s gt \

Aqueous systems involving weak acids, we ak bases, and their salts are important

examples of "chemical equ11£br1a. The behavior. of these systems is of partlcular in-

terest to blOlOgnSto and chemists. The generakh representatlon of these systems ac-

COPdlng

1.

-t

2.

w
.

to.Bronsted,Lowry definitions follow:
Weak Acid, HA | g
HA + H,0 22— H,0' + AT *
wssk‘Base,:B : . . : -
, B+ H 0 — Mt 4+ oH™ '

.

Salt, NaA, of a weak acid (HA) and a strong ‘base (NaOH) Initially NaA is -

.cordidered to be totally ionized to Na' and A™. The weak_aeid anion then

~comes to equilibrium w1tp water as follows:

0 R ' . ‘ v :
Y HrO ==HA + OH™ S
° 4

¢

e
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- : Y. ﬁnlt BHY1 of a weak base (B) and a BtrOng acid (HC1). Again the salt'is
: - considered to ionize complately to BH' and C1” with the weak base cation
forming an equilibrium with water:

‘ : BE' 4+ Hy,0——=2B + H,o'

I

-

These equilibrium systems have two common featureg:

Water is'the solvent,

El
-

2. The values of the equilibrium constants. are relatively small;, less than .

107" in most cases. Therefore the ﬁystems cantain ions in equilibrium with
molecules Qf undissociated acid or: base, unlike cfrbng acid and base solu-
—-~~--~X-—~mm-~-t10ns which consfxn no undissociated-solute molaculad.* - - ‘ T

'
In these aqueous solutions the concentration of water is very large .(55.5

mole/]l) and is considered to he a constant when compared to the concentrations ot
species in dilute solutions., Hence for

~ -
a

HA + H,0 3= H, 0" % A",
. .
¥ = [H30 J[AT]
. S TS THAT

N

‘where [H0] can be considered to be included in K.

+

. Let's examine this type of equilibrium by iooking at eqch of the above reac-

tjons, remembering that the mathemai}ﬂél treatment of each system is the same, only
the values of K.are different. ' ) :

* A
) n AY

Problem 1. Fxamine the weak acid system invbiving hydrofluoric acid, HF W )
HF + HQO"-—"“ H,o + F ) .o
4
) | K = —W[H’O L) o609 x 107",
) . Given that initially 0.1 mole (2 0 grams) HF are dissolved #n 1.0 liter
‘\ N * of olutlon, calculate the EH30 } and pH of the soIution. o !
SoTution: Choose X = number of moles of,H;O formed, Note that x would akso be

equal to number of moles F~ ion formed and moles of HF reacting.

~

. - . .
A L

*WARNING -- In solutions of weak acids there are actually two sources of HgO ions:
_1. HA + Hgo e H O + A

' . ’ X ’ . ~‘k
20 .2 M0 T=EOH 00+ OoHT . y c .
, . N |
In most problems, y, the concentratlon of HsO due to self-ionization of water
;e small compared to x, the concentratlon of H3O from weak acid 1onlzatlon, i.e.
x +4y ¥ xR, ) ¢

i .

I6 x ¢ 10" mble/l the assumptioh -‘that x + y = x no longer holds.

A similar warning is given for:solutio.. of weak bases with [OH™ ] ¢ 10f‘

\ mole/1,

L)

~

LI

. . ’
\ i LI . 5 3 ) .
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Iﬂx/iew of the amall value of K, what relative magnitude do you expect T
_ - ‘4%0!‘ )(?' - ‘ ’ e
. . AL (answer)
‘.‘.“i [ R
_LR“ A detailed analyais of the gituation can Be obtained by filling out a . .
Js'.,". 5y [
Aﬁ{ xeqction scorecard as follows. : R

[

In order to further examipe this system use the ACID prdgram.

Remember x :‘number of moles H,O formed

s
LY
. 1

Ha0 + . _“ HF .= H,y0' + . FT \

initial number | N S :

moles from data 0.1 mole 0 molr . .0 mole

: L i

_change -in_-moles ~ =X.mole . l... X mole st mole ) —
, :

moles at - (6.1 - x) mole X mole‘ x mole

equilibrium X i

equilibrium (0.1 - x) mole X mole X mole '

concentrationsg™ 1 liter I Iite¥ [ Iiter L

3
- \ []
4

Using the equilibrium concentrations in the equilibrium expression

R VK= §.7 x 107" o(x)(x
. . ‘ : x \
This yields the quadratic equation
® x2 + (6.7 x 107")x - (6.7 x 10”°) =0 . | ' A

\ . EFFECT OF CONCENTRATION

You will use

this program to help solve Problems 2 through 5. _ ) _ T

First choose a concentration of weak acid HF (K

dissolved in

Problem u.

choosing the corqeqt root.

Problem 2.

Problem 3.
_—,—,——L

6.7 x 10" ") of 0.10 mole HF

1.0 liter of solution. The computer will solve the quadratic equation

Answer NO when the computer asks "DONE?"Y,
. 3

What effect would, decrea51ng the number of moles HF initially present to

0.05 (holding the solution volume at 1.0 llters) have on:.

chec? with computer,
correct?

prediction
1ncrea5e, decrease,*no effect

1. [H,0') . . | - S

2. pH : . ' : .

% diss?01ation*
&

Check your predictions by answering YES to the question, "would you like

to try another concentration of HF?" Enter 0. 05 moles and 1, 0 liter,

Compare .the ‘vyesults of this HF 501ution with the 9.1 mole/litet solu-

Were your predictions correct?
]

tion.

-

! *y dissoci{tion

"

moles HF dissociated h
Initial moles AF 100 . 6

>

A
i




Run as many concentrationa of HF as you like (limit of 10) observing the effect

initial. doncentration has on dach of the parameters, ~When you have finished, angwer
NO to the "concentration of HF?" question,

EFFECT OF "THE VALUE OF EQUILIBRIUM CONSTANT, K

- )

Problem 5. Choose another weak acid whose equilibrium constant appears below:

g - ) Acid K
\ HNO , - 4.6 x 10°" '
HCN o 4,93 x 107
- CH3COOHL. “ L 1.76 x 2070
Answer "YES" to the question "weuld you like to try another acid?". Run

~

the program as bcfore u51ng 0.10 moles of acid and 1.00 liters of solu-

tlon ‘for the . first concentratlon of your ac1d. Run as many different

\

concentratlons of your acid as you like (limit: ten different concen-

trations). . : ) o 3

Doeq a decrease 1in initial acld concentratlon have the same effect on

*

[H, ot 1, pH and % dissociation as it did in the case of HF?
Answer "YES" to the question "DONE?". The computer‘will'éummarize your data in"

tabular form. Loé.off‘the terminal"and carefully remove and save jour printout.

¢4

You will' need this-informetion to solve Problems 6 to 10. ' .

-
~

Eroblem 6. Complete the reaction scorecard below for the %01d yqu'chose and £fill in

trationd

+

the reés(ion qcorecard “for you acid. Let X = [Hso 1 equ111br1um concens-

- HZO + . r i . s

initial ,number C
moles from data

changes in moles
at equilibrium

L equilibrium
L3
concentration \

/

= g < ——s ‘

. - " ’ o .
Using the reaction scorécard, set up the quadratic equation which® the *

computer gdlved. - P ' ) ‘

K = LA

\
" quadratic equatlon:

Problem 7. After comparing the effect of initial a01d concentration in both cases,
. describe the effect of decrea81ng 1n1t1a1 acid concentration on:
30" 3 '

. , iH'
' ' dissociation: ' : _ . ' .
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Problem 8. Compare the two acids when the initial concéntrations are the same.

n ?’ _ khich.hae the larger -valye of [H;0" 12 ) . L ) T
Which has the -larger valua of pH? ! ‘
‘ . ‘ Which is more highly dissociated (ionized)? ‘\‘ .o*
_. Which is the stronger acid? , Explain, ' B} o A

APPLICATION OF A SIMPLIFYING APPROXiMATIQN'e

\ t i

Many times scientists apply approx1mations in the-solution of. problems . In

systems wheve K is less .than 10 ' an approximation avoiding the: sollition of gyadrat- N
ile equations ‘may. be Psed*. . ) '

—_ - e e e e - R . . e - e e e e el - - . P - - . - e - o= - - —— e

> o* L]
- . + . . .
Problam 9. Check the values of [HAJmiti 1, and [H,0 Jequilibrium listed in your
output summary. . - . '

Is [HAjlnltlaﬁ - [Hs0% = [HA]l itigl 1N each case? If soj the number

. ‘ .I%ﬂﬁs of undissociated a01d at equilibrium can be approximated by the
initial number of moles undissociated acid.

) ) . ot

- . e.g. “initial [(HA] = 0.100 mole/1 - -

, [(Hs0%] = 0.00001 mole/a . . IR
then equilibrium [HA] * 0.100 - 0.00001 = 0.09999 = 0.1000 o
~0.00001 - '
error in umption = ~TTo0 100 = 0,01% N
I ﬁfg\ v T R
With thls assumptipn khe equ111br1um expre881on becomes - - Lo T
S ‘ , K s [Hy0 J[ATY _  x2/v2 _‘'x2/v2 C oo
i 0" ' - " [HA] 0.1 - x 0.1 . N «~
gkﬁ ' where 'V is the volume of solutlon in llters o .
\ More genevally, : &
A A
I .(
¥ ' ‘ AL L itiad ' '
Lo | a4 ¥ = /KTHA] : ' a '
_ e o J/) and y = initial’ .
Problem 10.' Select several initial acid concentrations and compare the resul'ts from
equation (1) with the computer's more accurate quad;atic solution. -~
Make the companison‘for‘both'acids.
' ’ _ exact QUadratic approx1mated ' LI
¢ Acid [HA]lnltlal : (Hs0*] _ [HgO ] Error
. . y
R & . “HA. ! b
A ' HA i [ e’

’;' m '% | ~
, . In yoﬁr judgment, is the approximation valid for both ‘acids? Explain.
u‘ ’ o ) ! ) <« R ’

*A concentration éﬁbrgssed'to-twb_signifioaht figures is usually sufficient.” A pH
o rgadinghof 7.35 indicates a cbncentration_of two significant figures.

w2 T B LT T T T I Cr TR S
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Yqu may. wish, to try othnr acids inoluding one with.K groater than 10", bf red
running the ACID program and then comparipg with cglculatod results using-the square

root approximation (eqdation (1)) Is the approximation valid in cases where K is
0 : _ A g :

greater than A0, Explain. ,
| Problems 11 fo 18 will givc you practlce in using the - concepté covered in the

preceding material.

——

Problem 11. What is the pH of 1 55 M-benzoic acid whose ionxzatlon constant is
' 6.60 x 10”"7 . . B

[} * N -

. Problem 12. A 5.37 M solution of a ‘weak acid, ng has a pH of 2, 25 What is the

*

1on11at10n constant of the acid? .
"0

“Problem 13. If a wedk ‘adid, HXK is 7B.,16% ion;zed in 1. 67 M sQlutlon, at whht con-
:centratlon is the acid 12.55% iohized? ’

Problem 14. What is the degree of ionization of @ 1.39 M solution of HC10 whose

1onlzatlon constant is 3.20 x ]0 %2 ¢

Problem 15%. CH,CO0H 1is 8.8 x 1077 1onlzeq in 4.,146. M solution. What is the ioniza-

tion constant for this 'acid? r

Problem 16.. A weak acid, HX, is 61,85% ionized in 0.12 M solution. What percent of
-HX.1s ionized in a 0.913-M solution? - '

: ° \ »

WEAK BASES -
Equilibrium systems 1nvo]v1ng aqueous so]utlons of wealk bases are quite similar

to those weak acid systems we ‘have just examlnwdh Both have,values of K less than
" [ ‘}

10 . The major dlfferenCe is that the OH" ion appears in the equilibrium expres-
sion, rather than H;O*. (This should not- bother us for we can ea511y calculate H;O+
jénd_pH from OH” and X = 10”'* for the ionization of pure water.) For a typical wegs.

base, B ' . " *
‘ B+ Ha0 — BH' "« oW L .o
- ' L ¢« - [BH'IOH™ 1 I

’-
Problem 17, ‘Let's f111 out a scorecdrd for 0.10 moles of the weak base ammonia,
NH3, dissolved in 0. 50 liter of solution,
. ' K = 1.8 x 107 foﬁ‘NHg- .
Choose x =.moles of hydroxyl 'ion, OH™, formed. Now'you complete;the’
- scorecard. : . , . . .

’ ! . - . ’ ! + -
. ‘ Ha0 + NH, NH,, t OH

initial numbeér of ' _ .
¢ meles from data

. :ihanges .in moles - | .

<ﬁsles at equilib¥ium

aquilibrium
. concentration o

~—
*
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/‘ .’8 ‘?., \ !
- [ ‘
o Now write an expression for K: | ' : : : - w%»
R . .
. K = '-
: - Finally the quadratic equation: - _ ' T

Now get the ACID program and run ae'before,‘this time using the ammgnia
(NH3) system as an example.

Problem 18. Vary the initial concentration.ofiNH, and observe the.effect of de-

_creasing NHy concentration on: L
<

. - ” [OH™ ] ‘ _ o
. . & . N pH ] | . o
. . . “ 4 1 v 1
) ” pOH , _ ! | ~ ¥
- . . ‘ ,
. . o $ dissoclation PR . ‘
2 Choose another weak base from the following list and #hn it in the ACID

program using the same! sett of initial concentrations as those used with,
: + :

ammonia.

Base K- . xg
methylamine CH3-NH 2.7 x w0’ g Y
"~ aniline CgHs-NH, | 2.3u%x 107 ° ,_
hydroxylamine H-0-NH, ~1.07.x 107" ) _
Compare the following for the cases in which initial concentrations of
’ \ . both bases are equal: e . ' Shet
: o, [OH™] | ' _
pH l . o : ' )
R .- A
pOH i \ ‘ _
' . : - Y ’ E
% disgociation ' -
% ] .
v ' _ Whicﬂxis-the stronger base? MNHy or the base you chose? Explain.
{ _
r ¢ . i X X ‘ w
- How can K's be usgd to compare the étrengths of acids or bases? Ex-
- plain, o ' ) | T o
Arrange ‘the bases in the above list in order of increasing base
strength (weakest first). ‘.
) l-."-g" -, ‘ ‘
‘ . . ¢ P
‘ .o ' . ,
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;' The same approxxmatxon that wau used to calculafe [H)O '} in weak acid systems, may

Le quf to c:ijtijfd/?OH ] Jn weak base systems, - o ' . .
\ -
. ‘ ‘ ) [ ‘

‘Problem:19. Derive an\expression for [OH™)] in weak base solutions simllar to that

, sed for fH:O } in weak a*1d9 ) // .
’ - . " g . n‘_#
(. |
/.
! ' ’ . . » ! _

Problem 20. Use this expression to calculaté the equ}llbrlum [OH 1~ concentrations

and pH's of the solutions on your prlntout.

Problem 21.  Ts the., approximation valid for the base you chose? @%t what conc¢entra-

tions does the approximation give the best results?
. . T : '
] . . . - . - M
Problems 22 to 25 illustrate solutions involving weak bases:
T .

Problem ?2. Calculate the pH of a 1.60 M methylamine (CHs-NH2) solution whose equi-

librium dissociation constant is 1.8 x 10" °. - : <

Problem23. At 25°C a 0.10 M ammoﬁfg solution is 4.3% ionized. Cachlate-the equi-
3 o . . ,
librium constant of aqueous ammiyfé. .

Problem 24. Calculate the [OH") in a‘0.010 M solution of dniline, CgHsNH2. The e-

" N ey . . . .y s . -10 ’

quilibrium constant, K, for the ‘dissociation of aniline is 4. 2 x 10

4

Problem 25. What molarity of NH; provides a hyd%owlde ion salution whose pH =
11.18. (K = 1.8 x 10" for NH;). = " o )
‘/ .
® . SALT SOLUTIONS INVOLVING WEAK ACID%.&ND BASES

%

Now let's turn our attention to* aqueous solutionsg containing salts. A salt is

thought of as the parents and the salt the ohll

product of .the reacflon between an acid and a i§7e whe acid and base may be -

Acid (parent) '+ Base (parent) Salt (child)
’ T2

The child’will héve the properties of both parents. Thus the pH of these salt

~"

solutions may be considered to be generic in origin, depending on the equilibrium. -

constants of the parent acid and pament base involved. Suppose we prepare three .
salt solutions each 0.10 M in the salt NaCl, NaF, NHuCi. - -
' St O~
[} v
Problem 26, Predict the pH of each solutiony pH < 7, pH = 74 pH > 7.
pH
(A) .0.10 M NaCl ° | . e
"(B) 0.10 M NaF . d

; (C) 0.10 M NH,Cl _ ) ,
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. : - By examining thege solutions ecarefully, we can check our ANSWEYS . S
. ’ - . < * .- ’ ‘ LR '.A’ . . ’ ' .
The: first solution; ' . "9 o R

r

Nat o+ 61T 4+ H0 —» nNa' 4 cfj + TH,0 N T

The foMs in this SOlUtiOh do not react with water since both the parent ~

. acid and the-parent base are strongltl e. K‘s are very - LarghS . The Na .3
o R . . .and'Cl  ions are said to. be Unreactxngf EE ctator 1on6' Therqfofe fhe .
pH of this solutlon is theymﬂ of pure water, pH L - ST

R S “The secor‘lsolutlon. S B oo :

e Nl FT e H0 TR NaT el HEL MTOHTL D

- . ‘ S+ .. . : C .
T — The Na ion doeq not react with water, 1t 1s again a spectatar ion and
may beécancclled on both sides of the equat1on
+ - o B s
Na + F. "+ H,0 ——-‘r Na' * m-"‘ + O SR

"and the net ionic equéfipﬁ“bééames3?¥?4§x,: wﬁ .

Pk Hz‘o -—->‘--'H'P__+',"0H BEEPE RIS

Y . - . - T

By \'~‘~

N Since thc parent ac1d HF is a weak a01d (K e 6 7 i; ) We expect th

F~ ions will react with water to form HF and OH 1oﬁs Thus the solu— _
tion has a pH > 7 due to the value of [OH ] being greater than [OH™] of

water, ’ - L Co~

e . - . - ) .
In the last equatigh the parent base involved i# weak (NH;, K = 1.8 x
) while the parent acid, HCL, is strong. Thus.the C17 ion is a R

"\ spectator and the net ionic equation becomes =~ : )

g" NHL + H,0 — > NH, + H,0" Y

Y

. . + . - . o _ 4o
Ammonium dons, NHy, rbact with water to form undissociated NHa) + Hso

~ions. -The solution therefqre has a pH < 7 81nce the value of [Hs0' ] is

~

) greater than that of pure watef?

The follow1q; list prov1des a handy summary of the acid-base characterlstlcs of

-

salt-solutlons _ . ' ' o T .

Salt (paf‘entS) » Example’ y, ¢ ““' . ~ pH . . .

strong acid-strong basé ‘ 2 KNOy '« S, At
Yoo . -
strong acid-weak base ¢ (CH3NHy) C1 W, m <7
- o - . .
weak acid-strong base : Liv (CN) B, >,

i L. <-. g &
weak acid-weak base N QNHH)+F . depends on K's of reac- |:
: . . * \tions of iond with water

X

' Pfoblem,27. -With the aid of ybur text determine the Jrelative’ pH's (pH, < 7, pH ~ 7
‘ pHO 7) for aqueous. solutions of each of the" follow1ng salts: y .
. a. (NHy' (No,) ! d. (cHyco0)~x* ey }",
. - "b.’ .(CHaNﬂs)r__' o ve. Na(CN)™, | N N
¢. KCl " R '
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e " ‘The abovn soctionnhaqwﬁealt with mak)ng a nough eatimate of thclﬁ-‘of aqu@oﬁ*
salt solutlons.. How do’ we datarmane the -extct pH of a aalt sqlution?“ o -
In ordér to golve thun proBlem we ﬂﬁ@t ¢on81der the oonc@pt of comblning sever-

“ "al equ1]kbr}um reactton§ 1qto a snngle reaotion. Consider “the - equations” involved ivoce At
, . tﬁe voaCtQQh of sod:um fluo&nd aE thh watern .The nq&ctlon' \f\n“* L - S
. o . . N - . ‘ - ] v 3 ) - - R . -
e e A T = h K ~=~”"TT"T"‘[”FM50.H Lo
_:.ﬁay'be considered as a nummatién of - . . i - 1 ' )
g R FTo+ TH oS W0 4 o, ok, = o HHFY . :
e e e ) e om0t - [FI[H50™ ) -
. . R ) % ’ - - - - 4o -
R | L e 2100 == 4,00+ ogT K, = 207" = [Hg0"60H]) .
AT ) . .- oo S
- ProbTem ?8 iSﬁéQ”that K.F Ky Kw' ’ *
5" N { .
" - -» * ! Y
N - ~ 4 z
1n puparal if ons ré a<t1“n can be erttcn as the sum of two or more other reactlons, -
“the qulllbxlum constant for the overall reactlon¢WJll be the- product oi the equit
1xb11um Pondtant of the componcnt vcactions - ! ‘ . _
In our NaP p?ob]om Ky may be shown to Jbe the rec1procal of ks thc equ111bﬂ5um
.~ constant for the reaction y ”
o . . d . o oo SN
\ . . \ + - .
P . “ HE 4 H,0 === H,0% + ¥ ko = [—P-’E%HQ.-ETF.—J
Problem 29. . $how that 'the- relationship Ki = %A 18 true. ‘ .
et . . 2 X . . . B
. . . . & * ‘. “ )
" :9" ',"'*) " ‘
b e e ’ o : e Lt )
_ The . reasoﬁ fo¥ rusing this reciprocal ‘relationship is that K's for weak acid and
baqc donizations are ea511y accessible  in reference book§ The equilibrium con%tant
for the reaction '_'1-” ' o '
. ‘ F© + H,0 T=—== HF -+ OH ..,
. bécomes . o o L : ' _ ,
s 3 . ) ) - -1 S
: | . . K= Ky e 10—}u - 1 x 10. . . : .
N : . . . K2 . ‘_ - N . r,
'Ppoblem'30.‘ Us g tables of 1onlzatlon constants in you text verlfy that K = 1.5 x°
J IR ¥ I for the reactlon of NaF with water. o '
v ! . ) i . ) . T . . .
‘ SR , A_reactlon soorecdrd with x =,mqles-of F~ reacting looks like:
s )‘ '\, . . g ’ s N . 7 -
o S HgQ%: FT (=% HF - 4  OH
r.h . s - - - RN ‘fg o - - . . R B
. " .+« ] initial molds 0.1 i 0 : 0 : "
. ¢ - - *’}: . - : . - . — - e . - o - .
" . o change .in moles 1 -x° +x . o Ex
>~ . Y ) - . 3 ; i
2 , : N
number moles at_ - : : : :
N s . Iy . 3 Y SRR § B - . 1. . .
equ1llbn1um. N T ﬁq == , X R E X
equlllbriqm ' X ‘
.concentration e T . .
Tty
L P T 3 -
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i
) . . . .

U ﬂ\ . As_before in the casmse of weak _ggid_e__ang_naag_s‘»' we obtain a _quadratic. ...
g . aquation in x. - ) .. ; . ot
%-- R Lo Jq,. v o0y L
S ' - LK =Rl nlsxlo‘ oo

.‘ \ ) * ce X : A © - L ' s
.__,___..‘._._.,.. . v.\ N . ) -(. - A b R . “ . . .. r‘:? . . o .. .:._. o e
—_ _._; ' . , v . L R and NI ch .. s ’ i . L i “r s
3 P , X “‘v e s T S0 .

- ¢ .’ 1 ) 1 o

- , o x§+(15><10 ‘) - (1.8 x 1071 2 0
. Since K is small, our square ropt approx1mat10n should agaln be valid. RN
: : x? s 11 © . Ny . .o

- ~ 01T ° 1.5 X 10 N T I

. ’ - *: : - ’ . ) A I v *
- . N . : l." ‘
T T pot % = 16-%-10 - - i e

. e ’ | ' | | N .
1.2 ¥ 10 moles » Lo R R

.
P
»
<
x
11

[OH™] = 1.2 x 107° moles/1l N S
. pOH = §5.92 - - B
o L pH~‘= %u 00 - 5.92 = 8.08.. ' ,

) BRI

Problem 31. Whéf is the pH of 1. 0 .liter of a solutlon contalnlng 0 2 moles NHuCl? ﬁ

i K s'1.8. X 10”° for the reactlon - _;- : - B

. . . . . ) .? . . + . - - .- I.' ..,“ ..|
",:'\ ) B . %\:_-;’ o NH; . + H,R0 ""'.'..._'__! NH., +  OH . - '.'_' . d o, \

.. a. Calculate K £Sw thé réqcfion _ I _gg e

P %@ o NH.. + - H0 =2 Hsot toONHs.o |

- '.‘. ) .

.,1

“‘:G'Cir X, [HsO J and pH. L C AR

e ! SO LS o

.
.
-

2

Z =,

R n ' : . ’ } ) A

Qﬁ these results conf1rm~ouy predlctlon ih Prlobtem 1?
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_ ~ COMMON IONS AND BUFFER SOLUTIONS - _

_ Up to tigis point we have conasfdered solutions which contained a aingle sub- N -
e stance dissolved in water, a weak 4cid, a weak basé or a salt. Buffer solutions BRI |
contain a mixture of a“::k aoid and one of its salfs op a weak base and one of its b
,salts. The functlon of &buffer solution is tq maintain a relaflvcly cpnstdht xllue e
of pH. Let's examine such a solution in order to see how it operates. . _ ,é .
. . R - . [y
Probﬁem.32. Considen the weak adid HCOOH, formic acid, in an aqueous'solution' )
. "' ) . + . ‘ .
N _ HCOOH + H20 EE?;E{E?Q“_Tf HCOO K f 2 1 X 10 e
Calculate the THSO ] and pH of & solutlon whlch contalns 0.10 M AEOOH
B . Now suppose that sodium formate is added to thls solutlon What will , | 5%
happen to the equilibrium values of [HA] and . [H,D 1?2 (Hlnt{ Le - -
Chatelier's principle) M .«
3 ) V ;‘I" " [
> ‘ ~ *
' ! ) ' N : 7.
) Will the pH inckease or decrease? . _ ' . A
. . ’ ’ N ‘:;3" . t
. i .\ t N
\‘J[ iy * P
Problem 33 n-order to obtain quantltaTlve Verlflcatlon of your predictions con-
) sider % a solution of 0.1 mole of HCOOH and 0.2 mo\gs HCOONa dlssolved in
i ' . 1.0°Iiter of water.
' ' ! St .. L [
Solution: A completed scorecard for the fin&l solution appears below where
202Uzlon . ) _ j , _
x = moles of Hy0 formed. _ . ) . :
o Lt - o
‘H20 + - HCOOH = Hs0 B HCOO
5 T . initial number : . _ ) N
‘ - of moles _ 0.1 0 \| 0 | "
'f change in moles - ‘ - : T ax +x
y . — =
o . ‘equilibrium moles 0.1 - x X ' 0.2 + x
B « | equilibrium o 0.1 - % v x 7 - 0.2 + x AR
o "~ | concentration - (. - T T ! L '
4 ’ o . ""‘."’ - a V .
' o e [Ha0 J[HC00T] | (x/1)(0.2 + /1
- . IR t:c10:5 I % S 74 _'2‘%1"10\’
yleldlng with no approxxmatlons- ﬁ; Y 359 o S x “3
. 5 x2 +7¢0,2 + 2.1 x 10 - (2.1 x10"% =0 - & _‘ L Lo

-.«x2+02x-21)<10
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| " sihce K'is again small we can make the assumption x will be very small e
- - o> - \ ' . . o y X
e ~ ‘and N L e e O U U,
| . > 0.1;-x =0,1 . - : - L
' S ands . e N 3
[ ] . . .
—_— ’. PR . 0.2 + x = 0,2 _ ]
. . . . ... N ) - P . PR, K._i-._
' g0 that the expressﬁon for: K bscomes T _ S . -
N . t * . _’ “ " ‘ \ . .
« . . , ) . A K l\(x/l)(o 2/1) 1 X 10 -k . s . .
[ ) : . 0.2% = ? 1 x 1015 . . . . o ‘
% = 1.05 x 107" : : . . )
R L — .- p o .._>(0 _0.12____ I{ )k - _3 §.8 : - “_"—'." = ..'_ e e A
This solutlon of HCOOH and HCOONa is said to be\buffered at a pH = 43,98, It“
will maintain this pH to w1thin several hundredth's of a pH unit upon the additidn
-of a strong 3fld or qﬁiong base. - How does it work? Let us see what happens upon
addition of dmall-amounts of strong acid or strong base. ' i ‘
(‘ . If a stvong ach is” added the: addltional HgO ions react with HCOO" ions to
form Und18°Oclated HCOOH i. SO the equilibrium p081t10n of HQVQH dissociation is
, ShlftEd to increase the concentvatlon ‘of HCOOH: : " b
e e ' HCOOH + H,o -— H3o + HCOO™ .
Most of tﬁe added H,O+ ioné"are removed from the sblgtion and the pH remains at ,
approximately 4.0, ., | " N St )
’ . - . + . ' * ) .'..
Problem 34%. Prove this hy adding 0.01 mole :of H30  to 1.0 liter>of- the -HCOOH-HCOONa - - -~
buffer of Problem 33. Set up the reactidn scorecard and chalculate the
new pH, o 1
. )% ) . w l '_.
' » v X
_ . . N
. \ . - ] s o
' ’ . ' . \: .
It 1s 1nterest1ng to note that the addition of 0. 01 moles of HgO .to an -Fg
’ unbuf fered 1.0 liter of pure water changes the pH from 7.8 to 2~0.x Jg
_ - . , ' "
%;5 The weak-acid of tbe buffer reacts to addition of strong base OH by undergoxng =§j
k2 e
 f a neutralizatxon reactxon. '°". ot . o ' @%
v 7~ HCOOH + OH" —-—> H, + HCO0" b
g - . - . :
9. Agam the - added ions are r'emoved from the aolu on and pH remains approxlmately 4,0,
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,.» Problem 35. Prove this by dading 0. 01 mole o OH to 1.0 litaf.buffenmof pH Y, 0 RO
Lo Calcdulate the new pH ' o : * o .
.t L. A _ by o \_:," ' . ( v '_. o
_.‘..__‘ " . B . » . -‘ s - ‘. . a .-. . l A - . . " -—-:::-:—
‘ ~* . L ’ .
' W * ” \
~— t - . .
. -\ ’ . . ‘ » .
) '. MNote the addition of 0.01 mole OH™ to 1.0 1ifer§ of pure watér changes - “
"the pH from 7.0 to 12.0. . '
I 9 « . e o o . '
4————Ff0bléh 36, zﬁxplain using“net"ionin'equaTtOHS“hUW'éaon of thé following buffer sys- .
tems would react to the addltmon of (1) a strong acid and (2) a wtrong,
b('ot‘ ' . )
a. CH3COOH, CH,COONa ., I N .
: : SRS . PN . )
b. NHy, NH4CI L . . :
Problem 37. -lhree parametavs determxne the 1n1t1a1 pH- of a buffer sol&%lon. Can - f
' . you list them? (Hint: refev to data glven in Ppoblem 3?) T o AT
(A) 7 : ' : I o . _ S
. (B) ‘ o _ o .o o . SN
‘ “© St : - ‘ - ' o
B Work ?roblams‘38 to u1. (ThlE set contalne problems to revi9w af& the concepts ; o
we have 'developed in our study of weak acmds, bases, balts, and buffers ) ) Vo 4 C
Problem 38. What is the pH of a solutlon prepared by dls§olv1ng 0. 300 moles" of so-'
' dium acetate, CH3COONa,!1n 100 m] of 0.20 M- HC1? _ | : o
: . ! . ol ) L
} (K = 1.8 x 107% Sk ¢H3000H + HzO &= CHsC00” + Hyo") .
xgroblem 39, Flnd thé pH of a qoldtlon 0.25 M Jn NaNO, and 0 75 M HNOQ. | o ‘{j.
. ' , . l'. - \
(K = 5.1 x 10~ for H,0 + HNO, = H,0' + NO7) N L
Problem 40. Calculate the pH of the buffer formed by m1x1ng 100 ml of 0, 60 M NHyCl\ B fﬁ
' | with 100 ml of 0.40 M NaOH. =, ' ... . . | oo
(K = 1.8 x 107° for-NH,' + H0 == NH, + OHD) ot )
. - A, N ¢ ‘ [ “'
" Problem ul. Caldulate the concentratlon of NaNOg in 0. 10 M HNOz necessary to ‘obtain R
~a solution whose;ﬂ{=-&.8._7.\ T . . B
. N :'.-"\ § N . : >_ N S E s, N T ’ N . - b W ._‘
' . (K = 5.1 x 107" for HJ0 + HNO, === ;rH\,o’r + NOZ) o SRR
| BUFPF':R_ SIMULATION | L
' The BUFFER program w;]:l all b you to conduct expemments w.ﬂ:h buffer sd,utions ' q
" You' may choose the pH of ‘the buffer by selecting a partlculab amd/salt system. The . =

é#ﬁz equilabrium‘constdnt,of the a01d w&Ll determlne the general pH range.of the buffeﬁ.u
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":L"ar. a The pH of .a huffar solution can he &b{imgto by finding the pK of the %oid -
Q - equilibrium constant, .- .\& : e < -
B N . . : pK Ry =lo§ K = log(l/K) oo LR 9

A}

'The efféotive pH range of .the buffer can be estimated as pK t %, that.is, from ' f
pK ~ 1.0 to° pK‘+)1 U. The exact pH of the -buffer may be adjusted by varying the
. 1nitial cgncentratlone of weak’ acid and aalt."

o ¥ » ‘-.‘I
3

*Problem W2, Préve that pK (of the weak aoid) = pH (of buffer solution) when
“taaty = AT, N o "
\ .
-'In order to understand the BUFFER program, VLSU&llie twb beakers with equal

—_— - . X

[ O

..Vﬁlumes of "'solution. One containq pure water and the other oontaina a buffer solu-

~ tidon whose composition has been selpcted by you to obtain a desired pH, ﬁpu may add
drops (0.05 leerp) of strong acid or strong:base to both 80}utions and observe the
‘change in composition in buffer and yeference, If thd capacity of the buffer is ex-~
ceeded by adding exéessive amounts of, strdng acid or strong base, the pH of the
buffer will .show a 1arge change from that of thq'prev1ous pH. ’
Before you run ‘the program select a weak- acid/salt system ang(obtaln a value
for the K of the acid. . o
Run the BUFFFR program notlng the effect of the condtentration of the salt on
the pH of the buffer Adjust the pH~of the buffer to a’'value you like. Choose a

concentratlon of strong acld and - begln adding it to the bufferfand water refearence

Lt

goluttons Continue addRQg acid until the buffer capacity has been exceeded.' (The
program will let you know, when you have exceeded this capa01ty ) )

- Repeat the experiment, preparing the buffer as\before, choosing a concentmatmon B
of étrong base and édding it to both solutions until the buffen capacxty has been
exceeded.. T . ' _ .; . ' . o ' '«{.
o _ Log off the ‘terminal. ' '

[

. Problem 43. : (A) State the effect of aMding strong acid on:
: ' (i) [A™] of buffer

(i#) [H30%] of buffer

(i1i) pH of buffer _

"(iv)‘ Rﬁ o§ water -

’ . ‘ _ (B) State the effect of addlnfstrong base ont L o R
) (i) .2[A” J of buffer .. . ;L o
” (i) " [Hs0'] of vhffer - s . L
. (iii) pH of buffer - o |
(iv) pH of water . .

3

_ o (C) In a weak aCldfﬂalt buffer system, what is - the relatlonshlp be- .
R ' _ tween the concentratipn of the salt in the buffer solution and the . -
. SR K : o concentratien of strong acid which may be a dgd ‘to the buffer?J -

- How doss this relatlonshlp determine the bui

fer capacity?
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| SUMMARY OF EQULLIBRIUM CONSTANTS o _ -y
In order to emphasize the general nature of equilibria we have made nd dietinc— g#;%*
- tifon among the’ equmlibrium constants avsociated with the various types of rea;iigﬂgr ﬁw'”jﬁ:
“ 1h this- unit In pracflce chemists ugually refer’ fo these equilibrium boqsta 8 by : _f:
./ given names and attach subscripts to them. "This Lnformation is sgmmar{zed in. PA— ' -
BLE 1. : | | IR Tt AR g
' TABLE 1: Aqueous EqQuilibrium Constants, . .

. ,w
-~ : * '

-

Reaction Type ' s Symbol . Name .
HA + H, 0 T& HaO+ + AT ' . Ka acid cons%ant of HA )
: ~ 1onlzation oonstant of HA
+ - . .
fj B +  H,0 -*-¥ BH + OH Kb pasg copstant of B \
. g ionlzation constant of B K
. _ * . . ’ . ’ ~
. H,0 + N0 T/ . H,0 + OH Kﬁ ionization constant
: -of water i i .
AT+ H,0 T— HA +  OH” . - Kh' '~ hydrolysis constant of A~ | .., °
' “or K . base constant of A~ ' ‘
. ’ . - \ ‘_vb v ! . - -
. ' _ _ . . . +
snt 4 HyQ ‘T u3o+ + B . Kh . hydrolysis constant of BH '
. ’ ) . , . . + :
) . or K acid constant of BH. -
A . ) .
- “ ‘ |,‘
. ‘ XY N
' A ' \“‘.

~




2.

3.

4.

. 5.

S

8.

-9,

r10a

WXy AND - 0.698 _MOLE_OF_NaX DILUTED TO 393 ML -~ :

. VEAK ACID, ‘HX, IS " 7.081° % IONIZBD IN e 70“ 2 SOLUTION.---- ~'-w{:~wm

ASRRAT . ey el ARl T oA R be L S SRR bt e e S £ AT Rebab bl 7 & LA Al Tt 4 Al ol AR X B Rl ANt b Dt N S L Ed ol Y B 3 3 v -
N W N ’ b " o - T : had i 4 o 5“ ITREET A v TYTry e N o \ DI th i [ b WML L 3L 2 B Y At T ] "?""&'“\'\“_ w
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Problem Set -1 - .- — ““4"""“““M*fj

~r’

M ) 5 . .
! LA - .
v ’ 3
. ~

N L

HOW MANY NOLES OF THE sonxbu SALT SHOULD BE- IDDBD
TO 231 ML OF 0.616 W HNO, TO PREPARE A BUFPER |
RITH A pH OF 3,750 ? ASSUME THAT WO' vozunghcunncn OCCURS \
WHEN THE SODIUM-SALT IS ADDED'TO THE SOLUTI o

THE IOlIZlfION CONSTI!T OP BIO, IS 4.50E-04 . .?

A SOLUTION PREPARED FRON' 0. 315 NOLE OF l WEAK ACID,

HAS A pH OF - 3. 000. WHAT. IS THB IONIZATION COHSTINT OP HX ?

NaHSO, IS 5 218-0“ ! TONIZED IN 4.842 B SOLUTION.
WHAT [S THE IONIZATION CONST!IT FOR THIS ACID?

A 6.490 M SOLUTION OF A WEAK CID, HX, HAS A pH or s. 250 -
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? | L
.- 52 , :
HOW MANY MOLES OF HClO0 NUST BE USED TO PREPKRE : : 7
1,34 L OF SOLUTION THAT HAS A pH OF 6.645 ? . - o
THE IONIZATION CONSTANT OF HC10 IS 3.20E-08 . | I S

A BUFFER SOLUTION IS MADE UP BY 'ADDING 1.282 MOLES ‘OF THE SODI UM SILT

T 1.922 LITERS OF A 0.882 M SOLUTION OF HAc WHOSE IOMIZATION g
CONSTINT IS 1.800B-05. WHAT IS THE pH OP THIS SOLUTIO!?

N

UHAT PBRCBNT OP HX IS IONIZBD IN A 0.348 N SOLUTION ?

-
7

WHAT IS THE pH OF 4.602 H “Pormic acid WHOSE IONIZATION cousrnur rs
2.1008-042 - . ‘ B | . .

A SOLUTION PREPARED PROM 0.695 NOLE OF A WEAK ACID, HX, L

DILUTED TO 185 ML HAS A pH OP - 6,539 . WHAT IS THE pH ]

OF THE SOLUTION APTER 0.348 NOLE OF SOLID NaX IS DISSOLVED N W17
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS | o

VHEN THE NaX 1S DISSOLVED IN THE SOLUTION. L ~.) o

WHAT IS. THE coucnurnnixbu OF NaHCO, Iu A sonurrou PRBPARED BY 0
ADDING 28 NL OF 3.360 M OF THE SODIUM SALT TO 187 ML OF 4. 360 N HCL ?
ASSURE THAT THE TOTAL VOLUMER OF THE SOLUTION IS 215 ML. R
'rnn IOIIZITION CONSTANT 'OF aauco3 15“§u.aon-11 o ' B R

. .*..... .
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3.

5,

6.

8.

"9,

 CONSTANT IS, 2.100E-04." WHAT IS THE pH OF THIS SOLUTION? -

10.

‘WITH A" pH OF 6.970 ? 'ASSUME THAT, o’ VOLUMFE CHANGE. occuns_ . g
' WHEN THE SODIUM SALT IS ADDED.P0 THE SOLUTION. . : PR .
'THE Ioirzurlon cousrnur or HNO, IS .4, 50! 04 . ’ '

_WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? ”f¢_,.m,“

;HHAT IS THE IONIZATION CONSTANT OP THE ACID ?
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< Probles Set 2 - S
@ . N o
HOW MANY MOLES OP THB BODIUH SALT 'SHOULD BE: ADDBQ o _ . o
TO 120 ML OP 0,525 N HNJ, TO 'PREPARE A BUFFPER - S e R

WHAT IS IRB CONGEN?R&T}GN<OF HG}O—iﬂ—t—SGﬁUTIGN“PRBPtRﬁD*BT .
ADDING 96 ML OF 2.425 M OF THR SODIUM -SALT TO 122 ML OPF 23860 M HCL ?
ASSUNE THAT THE TOTAL VOLUNE OF THE SOLUTION IS 218 HL. : .
THB JTONIZATION CONSTANT or HClO IS 3. 20! -08 '

WHAT IS THE pH OF 2,634 M FPormic acid WHOSE IONTIZATION cousranr IS
2.100E-047? e

IF A WEAK ACID, HX, 15 10. 381 IBHIZED IN  3.655 M SOLUTION,.

AT WHAT CORCENTRATION IS THE ACID 39,381 X IONIZED? . . .,

A SOLUTION PREPARED FROM 0.530 MOLE OF A HEAK ACIb, e -
HX& AND 0.058 MOLE OF NaX DILUTED TO 204 ML e _
HAS A pH OF 3 920. WHAT IS THE IONIZATION CONSTRNT‘OF RX ? "

NAHCO, IS 1.59E-05 % TONIZED IN 5.262 M SOLUTEON. o L

B

A 5.848 N SOLUTION OF A WEAK ACID, HX, HAS A p% 0F“§5¢800‘ . I
[ | M |

A _SOLUTION PREPARED FROM 0.549. NOLE OF A WEAK ACID; HX,

DILUTED TO. 235 ML HAS A pH OF| 2.460 . WHAT IS 'THE pH - I
OF THE SOLUTION AFTER 0.278 MOLE OF.SOLID Nax }s DISSOLVBD NI
ASSUNE THAT NO SIGNIFICANT. VOLUME CHANGE OCCURS: | S
WHEN THE NaX TS DISSOLVED IN THE SOLUTION. /. =~ - .~ .
A_BUFPER SOLUTION IS MADE UP BY ADDING 0. 942 WQLES OF THE SODIUN. SALT
TO 0.502 LITERS OF A 0.269 M SOLUTION-OF Pormi¢ acid WHOSE TONIZATION

e PR

'HOW NANY NOLES OF Nauco, NUST ‘BE USED .170° PREPARE - S
1.52 1 OF SOLUTION THAT HAS A pH OP.- 4,035 ? . - | S
" THE IonrznrrOu (CONSTANT OF NaHCO; IS 4.80E-11 . . Y

Ry
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o . | " . 7 "Problemset 3~ o oo
v 1. A BUFPER SOLUTION IS unnn op ar« oonﬂc 1.422 non;s OF ‘THE SODION saLr _
TO 0.282 LITERS OF A 0.214 ‘N SOLUTION OF NaHCO, WHOSE TONDZATION - ;j(

éOlSTlNT IS 4.800B-11. MNHAT IS THB\pH OP THIS SOLUTIOI?

‘ 2. A SOLUTION PREPARED PROH 0 407 NMOLR OF ‘A ﬂBlK ‘bID, HX, -
v DILUTED TO 218 ML HAS A pH OF 2.574 . WHAD IS THE pH )
C ~OF THE SOLUTION APTER 0.148 MOLE OF SOLID NaX IS DISSQLVED IN IT?,
=t e - KSSTUNE--THRT -NO -STGNIFICANT- LUNB-CHANGE-OCCURS : .

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. '__ R , o .

3. AT ‘IS TRE coucnuraar}on OF Benzoic acid IN A SOLUTION PREPARED BY
ADDING, 87 ML OP 3.600° M OF THE SODIUM SALT TO 450 ML OP 3.535 M'HCL ?
" ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 537 ML.
" THE" TONIZATION CONSTANT OF Benzoic acid IS 6.60E-05
. | - o v
4, A SOLUTION PREPARED FROM 0.338 MOLE OF A WEAK ACID,
HX, AND 0.348 MOLE OF NaXx DILUTED TO 472 ML -
HAS A pH OF 4.185. WHAT IS THE IONIZATION CONSTANT OF HX ?°
5. A 2.476 M SOLUTION ©F A WEAK ACID, HX, HAS A pH QP $.750 . -
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? _

6. WHAT IS THE DEGREE OF IONIZATION OF A 1.302'N SOLUTION OF HCN
WHOSE IONIZATION CONSTANT IS 4;00E-10 ?

h
N

7. HOW MANY MOLES OP Benzoic acid HUST BB USBD TO PREPIRB oA , S
1.33 L OF SOLUTION THAT HAS A pH OF 6.190 2 ' SR B
- THE IONIZATION CONSTANT OF Benzoic acgg IS . Q.GOE 05 . : '

e

8. A WEAK ACID,\HX,_IS 7.681 % TONIZED IN 0. u02+M sonnr:ou.‘
WHAT PERCENT OF HX IS IONIZED IN A 3,273 M -SOLUTION ?

| ‘9. CALCULATE THE pH OF 1.472 M NH3 WHOSE IONIZATION CONSTANT E
o IS 1.8E-S. | a ! %,\ . 4

10. HOW WANY NOLES OF THE SODTUM SALT SHOULD BE ADDED N
TO 389 ML OF 0,184 M NaHSO; TO PREPARE A BUFFER »
VITH A pH OF 5.774 2~ ASSUME THAT NO VOLUME CHANGE occuns S
_WHEN THE SODIUN SALT IS ADDED TO THE SOLUTION, . oY
THE TONIZATION CONSTANT OF NaHSO; IS '5.60K-08 . | S

.
b
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Y. A SOLOTIOI PRBPARBD\PROQ- 0.373 HOLE OF l NBIK ICID HX, |
DILUTED TO 492 NL HIS A pH OF 2,375 . WHAT IS THE pH
-OF ‘THE SOLUTION AYTBF 0.338 NOLR OF SOLID Nax Is DISSOLVBDrYN IT?
ASSUNE THAT NO SIGNIPIC\NT VOLUNER CHANGE OCCURS .
WHEN rnz NaX TS DELSSOLVED IN THE Sonurrou. <
2. A SOLUTION PREPARED FROM 0.948 NMOLE OF A WEAK AgID, - :
%™ HX, AND 0,778 MOLE OF Nax DILUTED TO 155 ML L ' e
h HAS A pH OF 6.489, WHAT IS THE IONIZATION CONST!NT or HX ? L
| B I
3. NHAT IS THE DEGREE OF IONIZATION OF A ,3.198 N SOLUTION OP Nqﬂbd,
HHOSE IONIZATION CONSTANT IS 5.60E-08 ’ s
4., -HOW HANY HOLES OP HCN MUST BE USED TO PREPARE :
0.13 L OF SOLUTION THAT.HAS A pH OF 5.930 °? . ’
THE IONIZATION CONSTANT OF HCN IS 03093-10 . - 3
5. "IF A wzax acIp, HX,( IS 10.081 X IONIZED IN'.1.370 M SOLUTION, L
- AT HHAT CONCENTRATI IS THE ACID 25,481 X IONIZED? .

S _ _ -\,
6. HOW MANY NOLES OF THE SODIUM SALT SHOULD .BE ADDED
TO 200 ML OF " 0.531 M HAc TO PREPARE A BUFFER
» WITH A pH OF 3,750 ? ASSUNE THAT NO VOLUME CHANGE OCCURS
WHEN THE SODXUM SALT IS ADDED TO THE SOLUTZON. s :
THE IONIZATION CONSTANT OF HAc- IS - -1, 80B-05 et e e

7. A 4,680 M SOLUTION OF A WEAK ACID, HX, HAS A pH OP 6. 600 .
WHAT IS THE IONIZATION CONSTANT OF THE -ACID ?

J

« 8, HHAT IS THE pH OF 1.866 M HCN WHOSE JoNIZATION‘cousrnné5isf

.000B-10? '

9. * A BUPFER SOLUTION IS HADE UP*BY ADDING 0. 382 MOLES OF THE OOOIUH SALT . .
© TO 1.222 LITERS OF A 0.308 M SOLUTION OF NaHCDy WHOSE IONIZATION
CONSTANT IS 4. 8003“11. WHAT IS THB PH OF THIS SOLUTION? '

10. WHAT IS THE CONCENTRATION or Benzoic acid IR A SOLUTION PRBPIRBD BY
ADDING 63 ML OF 2,940 M OF THE SODIUM SALT TO “19 ML OF 1,640 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 482 ML. _ . . -
THE IONIZNTION CONSTANT OP Benzoic acid Is 6. 60B-05 o . c '

¥ » ‘
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018 L OPF SOLUTION THAT HAS Xk pH-OP 25410 —

aHHAT IS ﬂHE IONIZATION CGNSTANT OF THE ACID ?

" WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION.

' ProblegySet.5 : - ;é

WHAT IS THE CONGBNTRITION OP‘HNO. IN A SOLUTION PREPARED BY
ADDPING .15 ML OF 2,650 M OF THE SOD SALT.TO 279 ML OF 3.060 M MfiCcL ?
ASSUME THAT THE TOTAL VOLUME. OF THE SOLUTION IS 294 ML, .

THE IONIZATION CONSTANT OF HNOZ IS. 4. 50!-0“ - ' .

HOW HANY HOLBS OF HP MUST BE USED TO"PREPARE -

THE JIONIZATION CONSTANT OF HF IS 7.00E-04 .

V4

A SOLUTIQN PRPPARED FROM  0.381 MOLE OF A WEAK ACID,  HX,

DILUTED YO 459 ML HAS A pH OF 3,085 . WHAT' IS THE pH

OF THE SOLUTION AFTER 0.458 MOLE OF SOLID NaX IS DISSOLVED IN IT? N
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS | | e
WHEN THE NaX IS DISSOLVED IN THE SOLUTIgp : o

CALCULATE THE pH oF 1 782 H HETHYLAHINE WHOSE IONIZATIOB CONSTANT
IS 1.8E-5. _

HAc IS B8.94E-(03 %X IONIZED IN 4,446 M SOLUTJION. : o
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? : oo

A 4.564 M SOLUTION OF A WEAK ACID, HX, HAS A pH or 3.200 . A

e =TI e s e e il demee s e e e o e

HOH MANY HOLBS OF THE SODIUH SALT SHOULD BF ADDED
TO 199 ML OF 0.779 M HNO, TO .PREPARE A BUPPBR '
WITH A pH OF 4,104 ? ASSUME THAT NO VOLUME CHANGE OCCURS

THE TONIZATION CONSTANT OF HNO, IS 4.50E-0b, .

A SOLUTION 'PREPARED FROM 0.709 MOLE OF A WEAK ACID,
HX, AND 0.0Z8 MOLE OF NaX:DILUTED TO 424 ML | o
HAS A pH OF 3.590. WHAT IS THE IONIZATION .CONSTANT OF RX ? s

A BUPFER SOLUTION IS MADE uP BY ADDING 1.022 NOLES OF THE SODIUM - SALT -

TO 2.042 LITERS OF A 0.521 M SOLUTION OF HAc WHOSE. IONIZATION SR
'CONSTANT IS 1.800R-05., WHAT IS THE pH OF THIS SOLUTION?

i

bl

L ¥
S
Y

X

- o ot . P .
A WEAK ACID, HX, IS S5.481 % IONIZED IN 0.864 M SOLUTION,
WHAT -PERCENT OF HX IS IONTZED IN A 1,758 M SOLUTION ? o

v .' . ' I ‘
N . - . . . -
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" A BUPPER SOLUTION IS NADE UP BY ADDING 0.682 WOLES OF TAE SODIOA SALT R
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TO 1.122 LITERS OF A 0.442 M SOLUTION OF Pormic acid,ﬂHOSB IQIIZIIIOH
CONSTANT IS 2.100E-04, WHAT IS THBﬂpH OP THIS SOLUTION?

A SOLUTIOK,P!BPARBD FRON 0 727 HOLE OF A WEAK ACID, HX,

DILUTED TO 248 ML HAS A pH OF 5.635 ., WHAT IS THE pH

OF THE SOLUTION APTER 0.238 MOLE OF SOLID NaX IS DISSOLVBD IN IT?

ASSUNE THAT NO SIGNIFICANT VOLUME CHANGE OCCURS - - . e

~ WHEN THE WaX YIS DISSOLVED IN THE SOLUTION.

o,

S.

9.

10.

" NHOSE IONIZATION'CONSTANT IS 6.60E-0S5 ?

WHAT IS THE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BY .
ADDING' 15 ML OF 4.850 M OF THE SODIUM SALT TO 409 'ML OF 0.270 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS. 424 NL. .

THE YONIZATION CONSTANT Or Propionic acid IS 1, u9n-05

HOW NANY MOLES OF THE SODIUM SALT SHOULD BR ADDED -_ o ST
TO 392 ML OF 0.936 M HCl0 TO PREPARE A BUPFFER ' : _ b
WITH A pH OF 6.664 ? ASSUME THAT NO VOLUME CHANGE OCCURS T
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION, ‘ L : ﬂ\f

THE IONIZITION CONSTANT OPF HClO IS 3. 20E~-08 . , _ .

Fi

A 2.872 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF 5. 800 . - .

WHAT IS THE IONIZATION CONSTANT OF THE ACID ? _
Y. ~

N X
L. \

&

IF A WEAK ACID, HX, IS 17.781.% IONIZED IN.  3.840. " sonurrou, e

AT WHAT CONCENTRATION\JS THE ACID 38,.881.% IONIZED?

-

VHAT IS THE DEGREE OF TONIZATION OF A 2.748 M SOLUTION or Banzoic. acid |
A . s S

WAAT IS THE PH OF. 3.294 A Formic. acia VHOSE IONIZATION 'CONSTANT IS .

2 100!’(’“? . ) “‘,‘ \‘

MOW MANY, HOIES OF HAc NUST BE USED TO PREPARE _ . ' : )
0.66 L QF SOLUTION THIT 'HAS A pH OF 6. 105 ?. . S J
THE IONJIZATION CONSTANT OF ch IS 1.903 05 .. . ' T

i ’ o C - _'\\‘H
A- SOLUTION. PREPARED rag% 0.469 NOLE OF A WEAK ACID, o K RS
HX, AN O.4u8 .MCLE OF Nax DILUTED TO 313 ML - .
HAS A pH OF 3, 300, WHAT IS THE IONIZATION CONSTANT OF HX ? ' ‘
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; THB TONTZATION couswnnr OF Pormic’acid IS 2.102-04 .

5 |
e . e
: ' o . - e
. . .t “ “_ . ; I‘ ) . v ; . " ) . . ,‘ “‘.l i .‘A.. _‘_.L@f“.“._‘,_ ;
A SOLUTION. PREPARED FRCM 0.810 uonx OF A -WEAK ACID, ,. - ?RH,' e
HX, AND ,0.976 WOLE OF Nax DILUTED TO |267 ML S IR
HAS/A pH or 6. 335. WHAT IS THE IouIZA ON consraur or HX ?. AT
WHAT TS THE DEGREE OF TONIZATIQN OF 's. 064 N SOLUTION oP Hr Sl
~ WHOSE rourznrrou ‘CONSTANT IS - 003-_u ? . LN
T I T ﬁ A T - _-_-“-__ ) e UA . ;’A
HOW MANY HOLES OF HAc.MUST BE USED TO PREPARE _y BN
0.72 'L OF SOLUTION THAT HAS A pH OF 4.505 2 = '“ Y
"THE IONIZATION"CONSTANT OF HAC IS ;1 80805 . ¢ R
TP A waag ACID,” HX, IS 17.081 % TONIZED IN 4,755 M SOLUTION, +'
AT WHAT CONCENTRATION IS THE ACID . 27.)81 % IONIZED? | A
CALCULATE ‘THE pH OF 1700 P HETHYLAMINE unoss xouxznrrou cd&srnur L
IS 1083"5.;: > @ P o .,_ \}l . oy . - ' _‘)\
A 6.646 W SOLUTION OF A WEAK ACID, HX/ HAS A pH or . 6.608 . .
WAAT IS THE Iontg}rxou CONSTANT OF THE ACID 7' § S -
A SOLUTION PREPARED FRON. 0,536 NOLE OF A WEAK AcTD, HX, cap L
DILUTED TO 325 ML HAS A pH OF - 2,000 . WHAT IS THE pH WS o
OF THE SOLUTION APTER. 0,748 MOLE.OF SOLID NaX IS _DISSOLVED IN IT? L
- ASSUME THAT NO SIGNIFICANT. VOLUME CHANGE OCCURS ~° . o
WHEN THE NaX IS DISSOLVED IN THE SOLUTION. . SR 2
'WOW WANY NOLES OF THE SODIUN SALT SHOULD.BE ADDED ™' o
TQ 203°ML OF /0,770 M Propionic acid TO PREPARE K BUFFER ~ = = 7
WITH A pH OP "4:289 ? .ASSUME’ THAT NOVOLUME CHANGE OCCURS - .~ . . &
WHEN THE SODIUN SALT IS ADRED TO THE SOLUTION. . | EE N
_THE IONIZATION CONSTANT OF Propionic acid IS 1. 4OR-05+ . PR

) ljﬁ
A BUPPBR SOLUTION IS MADE UP.BY ADDING 0.122 MOLES OF. THB SODIUH SKLT iﬁ
TO 1. 3“2 LITERS OF A .0.175 M SOLUTION OF HNO, HﬁOSE IONI%ATION . o Ly
CONSTANT IS 4,500E-04. -WHAT IS THE pH .OF THIS SOLUTION :

UHAT IS THB COHCENTRATIQN OF Pormic ﬂcid IN A SOLUTION PREP&BBD B! e T
"ADDING :61 ML OF 4,795 M:OF THE SODIUM SALT TO 152 ML -OF 1.405 H HCL ?ng
ASSUME THAT: THE TOTAL.VOLUME OF THE SOLUTION IS 213 MK, SRR
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N o M . . Problem Set 8 -
, \ T oo
“1,\uutr 1s THE coucznranrxou OF HE IN A sonu:xou taspnaun nx .
. 'ADDING .25.ML OP 2.400 .M OF THE SODIUN SALT TO 24 ML OF 5.070 N
L ASSUNE THAT THE TOTAL VOLUME OF THE SOLOTION IS 49 nL.
" THE zourzarxon cousrnnr OF HE IS 7. 00R-04 ' ,

-

, “2. HOW MANY MOLES or THE sonqu SALT. SHOULD Bg honno SR : 0
TO 441 ML OF 06.605 M HC1O TO PREPARE A BUFPER ~ . '
. WITH A pH OF 2,524 7, ASSUME THAT-NO VOLUME CHANGE occuas :
- MHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. _
TTTTTHES tonrzAWIow'cowsrth“ur HCIU‘IS'"}TZUE“UB“’“” B
*933._ How HANY HOLBS or aenzoic acid uusr B USED TO pahﬂgas
1,18 L OF SOLUTION THAT HAS A pH QF 3.610.7 ‘ s
o THE Ionrznr ON CONSTANT. OF Benzoic acid IS 6. 60E-05 .' S -
ano 8 /- ‘ :
4 A 2.068 u SOLUTION OF A WEAK ACID, : ux,_u}s A pH OF 4,550 . * : |
HHAT IS rut Iouxznrron tonsranr OF THE ACID'? : o .

+ia
LA \7

5, CALCULATB @nz pH oF 10,928 M unruvnan:nn WHOSE Ionrzarrou cousrnnr
1S 1.88-5. _ . oo

-~ &

6, 1r A WEAK' ACID, HX. IS 19 981 % IONIZED IN 4.910 N SbLUTIOk, o
“"  AT_WHAT coucanraarrou IS THE ACID 12, 081 % IONIZED? - |

-~

.
A

7. WHAT IS THE DEGRFE or TONIZATION or’ A 5. ssa,n SOLUTION OF HCLO .
~ WHOSE IONIZATION CONSTANT IS 3208~ oe A “Tg___“__m m”__“_;g__im;:
"8, A BUFFER 'SOLUTION IS MADE UP BY ADDING 0.682, MOLES OF THE SODIUM SALT
TO 1,122 LITERS OF A 0. 150 M SDLUTION OF nanco, WHOSE IONIZATION
cousrnnr IS\ 4. 8008-11. wHAT IS THE pH OF THIS SOLUTION?
9 A qonurxon panvt@%n raon 0,588 MOLE OF A VEAK Acto,
D 'HX, 'AND _ 0,038 MOLE OF NaX -DILUTED TO 208 .ML - .
.. HAsS a pn or 4. 114, wﬂam IS, THE IONIZAT;ON CONSTANT OF_HX p T L

U410 A" SOLUTION. pnspnazo FRGCH 0. 555 HOLE OF i wnnx ACTD, HX,
DILUTED TO =243 ML HAS A pH OF U.545 . WHAT, IS THE pH

= OF THE SOLUTION .APTER 0.518 MOLE OF SOLID NaX .IS DISSOLVED IN IT? o
.} - ASSUME THAT NO.'SIGNIFICANT VGLUME CHANGE OCCURS . N
 'WHEN THEB NaX IS DISSOLVED IN THE SOLUTION. - -

] . Vol . [
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JEVEENNE PR § N | wnnx ACID, HX, IS 9.881 % IONIZED IN 2,635 M SOLUTION, T
Yi AT WHAT concnurnnrlou IS THE ACID 24. 781 % IONIZED? ' L
2. WHAT IS THE concznrnnrrou OF HF IN A soturrou PREPARED BY ;

S ADDING 64 ML OF 3,660 M.OF THE. SODIUM SALT TO 148 ML OF 0.630 N HCL ?
A7 ASSUNE THAT THE TOTAL VOLUME OF THE SOLUTION IS ‘212 ML \ ‘
% . THE TONIZATION CONSTANT OF HP IS .7. 603-0u ' :
;gj‘*?;s N SOLUTION PREPARED FRCH 0.864 MOLE OF A WEAK ACID, HX, - N
L A » DILUTED TO 248 ML HAS A pH OF - 6.194 . WHAT IS THE pH N
5T 0P, THE SOLUTION APTER 0.668 MOLE OP SOLID NaX IS DISSOLVED IN IT? Cu

j%ff . ; ‘. ASSUME- THAT :NO .SIGNIFICANT VOLUME CHANGE OCCURS

Y 3HHFN THE NaX IS DISSOLVED IN THE SOLUTION., =~ o
;%v'-"*‘$:‘- B
i?-‘e‘qc' A+ SOLUTI ON paepannn PRCM 0.591. MOLE OF A unnx ACID,
“1'.-$;f«~ax.fnnn 0.938 MOLE OF NaX DILUTED TO 417 ML : .
s nns»n pH OF '5.475. WHAT IS THE Iourznwxon CONSTANT OF HX ? : o
S.Q A 'BUFPER . SOLUTION IS MADE UP BY ADDING o 682 MOLES OF THE SODIUM SALT o
I Xﬁ 70 0.622 LITERS OF A 0.854 M SOLUTION OF HF WHOSE TONTZATION L o
cbneTANT IS 7 000E-04. WHAT IS THB pH OF THIS SOLUTION? C ,
,“ALCULATB THE pH OF 1. 7.04 n HFTHYLAHINE WHOSE Ionrzarrou cousrnur 3
7;~-h 7ua M SOLUTION OF A WEAK ACID, HX, HAS A pH OF ; 2.900 . i

<5 _, in; \IS THE IONIZATION couswnur OF THE ACID ? | - .

g S ’ | S

Sl uou MANY MOLES OF HC10 MUST BE USED TO PREPARE. L

. +§9:L OF SOLUTION THAT HAS A pH OF 3,925 ? ' 7 .

R TH&;IONI%ATION CONSTANT OoF HC10 IS". 3. 20B- 08 . . :
;%;ﬁ§;9; - HG J&nnv noﬂks OF THE SODIUM SALT SHOULD BB ADDED | ‘ .o
CULALL ITOnuSe ML di%,o 458 .8 HCLO TO PREPARE' A BUFFER - i
RSN “ﬂLTm A pH OF §.779 ? ASSUME THAT NO VOLUME CHANGE QCCURS ' Y
“»a.l”‘ naft*!ﬁr SODIUH SALT 15 ADDED TO THE SOLUTION. . _ iR
I ?ﬂs rnaxzarlon CONSTANT-OF HCLO IS  3.20E<08 . f_ : . L

HBAT“TS‘THE DEGREB or IOlelTION OoF A ; 764 M sonurton OF NaHSO, | -
uuosnztourznrron CONSTANT- IS 5. 603 08 B .
: L . . R _\_..:
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o ! SOLUTiON PRRPARBD !ROH 0.867 MOLE OP A, WEAK ACID,
" 'HX, AND 0.688 NOLE OF NaX DILUTED TO 442 NL : ‘
HAS A pH OP 5. 500. WHAT IS THE IONIZATION COISTANT OF HX ?-

" WITH A pH OF

" OF THB SOLUTION AFTER 0.228 WMOLE OF SOLID NaX IS DISSOLVED Il

_HHAT IS THE IORIZATIOK CONSTART FOR THIS ACID@

-

Problew Set 10

B e TSP
- ]

4 Y A o . \

WHAT IS THE CONCENTRATION OF HCN IN A SOLUTION PREPARED BY R
unnxnc ~73 ML OP 4.015 M OF THE SODIOM SALT TO 110 ML.OP 1.330 n ncn o
f%s THAT, THE TOTAL VOLUME OF THE SOLUTION IS 183 nL. | :
ATION CONSTANT OF HCN IS 4.00E-10 °

‘A 2.410/ M SOLUTIQN OF A WEAK ACID, HX, HAS A pH OF s 100 .
VHAT IS [THE TONIZATION (CONSTANT OF THE'AGID ? o

14. 881 % IONIZBD IN 1,482 N SOLUTIOI.
‘3.888 N SOLUTION ?

A VEBAK ACID, HX, IS
WHAT PERCBHT Or HX .IS IORIZBD IN A

HOV MANY MOLES OF HClO NUST BE USED TO PREPARR o P
. 0.54 L OF SOLUTION THAT HAS A pH OF 5.,725°7 . A
THE IONIZATION CONSTANT OF HC10 IS 3,20E-08 . ° S 0%
CALCULATE THE pH OF 1.678 M NH3 WHOSE IONIZATION CONSTANT -
IS 1,} 8 B-So . . : _ : . .‘ . ﬁ..‘\ o

A BUPFER SOLUTION IS ﬁADﬁ UP BY ADDING 1. 1“2 HOLiS OF THE SODIUM SALT

"TO 1,602 LITERS OF A 0.243 N SOLUTION OF Propionic actd WHOSE TONIZATION
" CONSTANT IS '

1. QOOE-OS. WHAT IS THE pH OP‘THIS SOLUTION? -

N ﬁ;;mwm;m

HOW MANY MOLES OF THE SODIUN .SALT SHOULD BE ADDED - o

TO 475 ML OF 0.888 M Benzoic acid TO PREPARE A BUFFER « .
42310 ? ASSUME THAT NO VOLUNE CHAKGE OCCURS -

WHEN THE SODIUM, SALT IS ADDED TO THE SOLUTION. - . o ' o
THE IONIZATION CONSTANT OF Benzoic acid IS 6. 603-05\ «. . o

A° SOLUTION PRPPARED FROM
DILUTED TO %425 ML HAS A pH OF:

0.998 MOLE OF A WEAK - .ACID, nx,
4,420 , WHAT IS THE pH

IT?
?

ASSUME THAT NO- SIGNIPICANT VOLUNE CHANGE OCCURS - W
VHEN THE Nax IS DISSOLVED IN THE SOLUTION. -

4. 075-0“ %X IONIZED IN 2. 958 N

NaHSO, s SOLu._ou.*-

T 'y . . A
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v ‘\i
T 1. l aurrna sonurrbn 13 HAD! op at Abollo o 662 nonns or :ua sontuu sntr )
.70 1.362 LITERS OF A 0.193 N SOLUTION OF HNO, WHOSE IOWIZATION " _ﬁ
CONSTANT IS 4. S00R-04. WHAT IS THE pH .OF THIS sonur:bu? . oA
2. cnmcunnrn THE pH OF 1.680 M nsrurnlnrus WHOSE TONTZATION CONSTANT S
,, .8B-5., v . , Ty
:L__Am_ﬂlﬂaq_n SQLHIIQH_QE_A_IBAK_1C1n,~ﬂx,ﬁﬂlsﬁl_pﬂvnr_ 3. 200 . ¥
VHAT IS THE Iotxznrrou cousrlur OF THE ltID ? ‘ ‘ Lo
4. A SOLUTION puspnnnb rnon o 678 MOLE OF A WEAK ACID, HX, T
: DILUTED TO 339 ML HAS A pH OP} (.819 . WHAT IS 'THE pPH v L
‘ \OF’ THE SOLUTION APTER 0.648 NOLE OF SOLID NaX IS DISSOLVED N 1Ir?
\\ ASSUME THAT NO SIGNIFICANT VOLUME CHANGE. OCCURS : ,
- wnnn THE NaX IS DISSOLVED IN THE somuwtou. e :
5. . unnr IS THE DBGREE,OP IONIZATION OF A 5.568 M SOLUTION oOF aonzoic acid \
WHOSE IONIZATION consraur IS 6.608-05 ? o . _ =
. ) - : P
. 6. IF A nnn& acrn, HX', I§ﬂ16.581 % IONIZED x; 2.260 H sonurlou, o
' AT WHAT CONCENTRATION'IS THE'ACID 16.081 ¥ IONIZED? —
k 7. WHAT IS THE CONCENTRATTON OF HC10 IN A SOLUTION PREPARED BY '
: ADDING 69 ML OF 2.825 M OF ‘THE SODIUM SALT TO 362 ML OF 2,965 M ucn r
ASSUME THAT THE “TOTAL VOLUME OF “THE ‘SOLUTION IS — 43V WLy o -+
~ THE iourznrron CONSTANT OF HClO IS 3.20E-08 , L R
.. B. A SOLUTION paspnuao FROM. 0.466 MOLE OF A WEAK ACID, | IR
- _ HX, AND Q.218 MOLE OF NaX DILUTED ‘TO 358 ML | s S
uas A pH r 6.994. WHAT IS THE IONIZATION CONSTANT OF:HX ? o 7
9. HOW MANY MOLES OF THE SODIUM SALT- SHOULD BE ADDED o
. TO 133 AL og 0.482 M HF TO PREPARE 'A. BUFFER. ' 5
"\ WITH K-pH OP" 6.770°2 . ASSUME THAT NO VQLUME CHANGE OCCURS S
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. S
THE IONIZATION CONSTANT OF. HPF IS . '7.00E-04 . B -ul )
10. HOW MANY MOLES OF HNO, MUST BE USED TO PREPARE ! y-n
)

. 1.37 L O;‘SOLUTION THAT HAS A pH OF 5.615 ?
- . THE IONIZATION-.CONSTANT OF Huo, IS 4.S0E-04 .

‘ '.l * ' K
. [ ) L
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Problea Set 12

— - B et Rt

EY e e e e ‘ .
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‘A SOLUTION .PREPARED rnoa 0.5%3 HOLE OF A WEAK ACID, 'BX, - . .. ',
DILUTED 'TO 383 WL n;g"l ‘PHOP 6.159 . WHAT IS THE pH .

OF THE 'SOLUTION APTER “0.078 NOLE OF SOLID MaX IS DISSOLVED, IN tf?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. -

i 2 0agig T,

Y SOLUTION PRBP!RBD PROH 0 288 MOLE-OF A 'BlK ACID.
"HX, AND 0.438 MOLE OF- MaX ‘DILUTED TO 337 ML
HAS A pH OP 6.425, WHAT IS. THE IONTZATION COIST!UT OP HX ?

'30

'“o

s

7.

. B

9.

10,

. T
' HOH MANY HOLBS OF THE SODIUN SALT" SHOULD BR ADDBD : !

HNO, IS 5 078B-02 X IONIZED IN 5.766 M SOLUTIOI. ] B
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID? ' :

~ A BUPPBR SQLOTION IS HADB UP BY - lDDING 0.06) HOLBS OF THE. SODIUH SlLT
TO 1.563 LITERS OF A 0.607 N SOLUTION OF HAC WHOSE IONIZATION .
CONSTANT IS 1, 8008-05.. WHAT IS THE pH OF THIS SOLUTION? )

TO 246 ML OF 0.87S N, HCLO TO PREPARE A BUPFPER
WITH A pH OP 2.889 ? ASSUNE THAT NO VOLUME CHANGE 'OCCURS.
WHEN THE SODIUM SALT IS ADDED TO THE. SOLUTION. . - . CoF
'THE TONIZATION CONSTANT OF HC10 IS 3.20E-08 . | o

A 5. 13“ N %OLUTION OF A WEAK ACID, HX, HAS l pH OF 4.600 .°
_WHAT IS THE IONTIZATION CONSTANT or THE ACID ? ' N '

‘HOW MANY MOLES 0? Benzoi ¢ acid MUST BE USED TO PREPARE _ -
‘1,17 L OF SOLUTION THAT HAS K PR OF 3,540 ? 7 s
THE IONIZATION CONSTANT OF Benzoic acid IS 6, GOE 05 . -

Ir A WEAK ACID, HX, IS 1. 981 % IONIZED IN 0. 360 M SOLUTION ; | o
AT WHAT CONCENTRATION IS THE ACLD 6. 181 X IONIZED? § . o

WHAT IS THB CONCENTRATION OP NaHCO3 IN l SOLUTION PREPARED BY . - SR
ADDING 18 ML OF 4.535 M OF THE SODIUM SALT TO S5 ML OF 4, 525 H HCL ?
ASSUNE THAT THE TOTAL VOLUME OF THE SOLUTION.IS 73 HLo_' :
,THE IONIZATION 'CONSTANT OF NaACO3 IS 4.80E-11" "

CALCULATE THE pH OF 0.826 N METHYLANINE WHOSE TONIZATIOW CONSTANT
IS 1.8B-5. . , . N
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‘. 1. HOW MANY NOLES OF THE sontuh SALT snounb 82 ADDED " | | P
¢ TO 246 NL OF 0,508 N Benszoic acid TO PREPARE A BUFPER
: VITH A pH OF 3.675 ?. ASSUME THWAT NO VOLUWME CHANGE OCCURS '
WHEN THE SODIUM SALT IS ADDED TO THE SOLYTEQW. -~ . .
. THE TONEZATION CONSTANT OP Benzoic acid 13 ¥6.60E-05 .
" 2.° A BUPPER SOLUTION IS NADE UP BY ADDING 05152 MOLES OF THE SODIUM SALT
-0y 732 LITERS- or+ofeus_a.sox.mol OP _HNO, WHOSE JONIZATION !
-7 CONSTANT IS 4.500E-04.  WHAT IS THE pH OF THIS SOLUTION?

J. A SOLUTIOI PQ!PARED PRON 0 393 HOLB Qr-.A WBIK AFID, a0
HX, AND 0.138 MOLE OF NaXx' DILUTED TO 256 ML . S
HAS A pH or 2. “8“. ‘WHAT I3 THE IONIZITION CONSTANT OPQHX ? S "i

4. A 6. 002 M SOLUTION or l UBIK ACID, HX, HAS A pH'OF 2. 500 e
WHAT. IS THE TONIZATION CONSTANT OF THE ACID 7.

5. CALCULA?B THE pH OF 0.328 M METHYLANINE wuosn TIONIZATION cousrnur S
( IS 1.8E-5. | . e B .

"6. A WEAK ACID, HX, IS 25.881 % tdurznb IN 1.304 M SOLUTION.
*" WHAT PERCENT OF HX IS IONIZED IN A 4.838 N SOLUTION ?

7. . WHAT IS THE COﬁCBNTRATION or rornic acid IN A SOLUTIOI PREPARED BY R
U _KDDING 88 ML. OF S5.090 N OF THE 'SODIUN "SALT TO< 118 "ML OF-1.285 0 ﬂCL ?-
o ASSUME THAT THE TOTAL VOLUNE OF THE SOLUTION IS 206 NL. . \

- THE IONIZATION CONSTANT OF Prormic acid IS 2. 103—0“

8. WHAT Is-rﬂn\g%ggai'ar ronrznrrou OF A 5.622 N SOLUTIOH or uanco, -
'WHOSB TONIZATEON CONSTANT IS 4.80B-11 ?
~ ' /[ ‘
. 9. A SOLUTION PREPARED PROM . 0.716 MOLE OF A WEAK ACID, HX, .. | oo
| DILYUTED TO 152 ML HAS A pH OF 4,755 , WHAT IS THE pH .. = ° e
QF THE SOLUTION APTER 0.398 MOLE OF SOLID MNaX IS DISSOLVED IN IT? ' ) -
ASSUNE THAT NO SIGNIFLCANT -VOLUME CHANGE OCCURS o S
WHEN THE WaX. I§ DISSOLVED IN THE SOLUTION. - . 5 Lo

10.. HOW, MANY MOLES OF HClO MUST BE USED TO PREPARE R " Rt
0.65 L OF _SOLUTION THAT HAS A pH OF 2,925 ? . . LS
THE IONIZATION CONSTANT OF HClO IS 3.20E-08 . S e T
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« 1. A SOLUTION PREPARED FRCH 0 798 noLE or A nsax ACID,‘\“@* ot e
... HX, AND - 0,448 NOLE OP NaX DILUTED TO 181 ML . i — e
Ao HAS A pH OF  3.569, WHAT IS THE . xongzar:ox CONSTANT oF HX a A IR CERE e
2. HOW'MANY NOLES OF Befizoic acid MUST DE USED. TO, pnnpaas * . e vl
2,03 L OF SOLUTION THWAT HAS A pH OF 4,320 ? . LR
TYE ronrznrrou CO&STANT OF Benzoic'acid IS 6. 60&105 L
\\ . )\\" \

3. \ BUFFER SOLUTION IS nabz UP BY ADDING 0. 502 MOLES OF THE SODIUM SALT
- TQ' 0.282 LITERS OF A C.777 M SOLUTION OF NaHC®, WHOUSE JONIZATION .+ °
— - CONSTANT IS¢ 6, 900?-11 HHAT’IQ ‘THE pH br THIS "SOLUTION? -

Ve e

4., N 3. QGO*H SOLﬂTION OF h WEAK RCID, nx. HAS A pH oF S.70 .
- HHAT IS THE IONIZATION CONS?KNT OP THE ACID ? R o !

5, . CALCMLATE Tuk pH 1.236 'M nETnnnnnINE wuos; IoﬁizArxon.cqnswauf
IS 1.8F-% ' ' ‘ ' ' .
I

.-‘m D

—~~

¥ \ .
L § R U {

.6, IP A WEAK ACID, H¥, IS 7.281 % IONIZED IN 1.895 N SOLUTION, =
AT WHAT concauwnarron 1S THE ACID 22 581 * TIONIZED? ¢ RN

.
v 1 b - . .

' 7, HOH MANY MOLES OF THE 'SODT UM SALT’ SHOULD BE ADDED . L
. TO 392 ML OF 0.244 M NaHSOj TO PREPARE A  BUFFER | \ ;
WITH A pH 'OF  3.324 ?, ASSUME THAT NO VOLUME CHANGE OCCURS o ¢

. WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION. o | .
THE TONIZATION CONSTANT OF NaflSQy IS, S. 60E-08 .« S Ll

8. HHAT IS. THE CONCFNTﬁATION OP HF ‘IN A SOLUTION PREPARED BY - -
" 'ADDING 1 ML OF 1,360 M OF THE SODIUM SALT TO “l; ML OF 2,075 M HCL ? -
! ASSUME . THAT THF TOTAL§VOLUHE op- THE SOLUTION IS ”33 ML. s :
: THE TONIZATION CONST T OoF HP IS 7. 00!-0“ : :

s
-~

"9. A SOLUTION PRI D FRON 0,175 HQLE oF A WEAK ACID, HX,
DILUTED TO 407 ‘ML HAS ‘A pH OF . 5.659 . WHAT IS THE pH ° L
. OF THE SOLYTION AFTER '0,158° HOLE OF SOLID NaX IS .DISSOLVED IN IT? . |
* ASSUME THAT 'NO SIGNIFICANT VOLUME CHANGE OCCURS ' : o
WHEN THE NaX IS DISSOLV!D IN THE SOLUTTON. R o PR
10. WHAT 1S rns DEGREE OF Imnrzarton OF A '5.742 M SOLUTION OF uaﬂco, S
- HHOSE TONIZATICN consranr Is . 803-11 ? : -

A H . ’ ¥ ' . ) . ¢+

4
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Sa -T., I\ BUP'!R SOLUTION IS MADEB UP BY IDDING 0 672 HOLBS OF TBE SODIUH SALT

' zji PO 1.492 LYTERS OF A 0.473 ¥ SQLUTION OF Proplonic acida WHOSE IONIZITION

y CONRTANT IS 1.400E-05. WHAT IS THE pH OF THIS 'SOLUTION? -

N ¢
oar2e K SOLUTION PREPARED .FRCM  0.964 nonﬁ OF A WEAK ACID,
S ﬂx, AND 0.458 HMOLE OF NaX DBLUTED TO 330 ML
. “"HAS A pPH OF 4,085, WHAT IS THB TONIZATION CONSTANT OF Hx ?
fa. uﬂnr s rnn CONCBNTRATION OF HCN IN A SOLUTION PREPARED BY ,
" ADDING 28 ML OF 0.880 M OF THE SODIUM SALT TO 501 ML OF 1.000 n HCL ?
ASSUME THAT THE TOTAL ¥YOLUME OF THE SOLUTION IS 529 ML, E

"THE IONIZATION 'CONSTANT OF “CN IS 4. 00?-10

4. HOW MANY MOLES OF THE. SODIUM SALD SHOULD BE ADDED .
PO 315 ML OF - 0.809 M Pormic acid TO PREPARE A BUFFER
»  WITH A pH OF 4.670.7 -ASSUME THAT NO VOLUME CHANGE OCCURS
.© { WHEN THE SODIUM SALT IS ADDRD TO THE SOLUTION, S
. * . THE TONTZATION CONSTANT OF Formic acfd IS 2.10E-04 . iy L

v &, "TP.A WEAK ACID, 2.881 %. IONIZED IN 4,475 N SOLUTION,
' * KT WHAT coucznwparion IS THE ACID 30.881 % IONIZED?

6. WHAT IS THE DEGREE OF IONIZATION OF A S. 772 W SOLUTION OF HF
WHOSE TONIZATION. CONSTA“T IS 7.008-04 2

oo oA 2. 614 N SOLUTION OF A WEAK ACID, HX, HAS A pH OF 2.C00 . o
_WHAT IS THE IONIZATION cg:jmnnr OF THE ACID ? L , "

8. HOW WANY MOLES OF Propionic acid NUST BE USED T0 PREPARE T
A.32 L OF SOLUTION THAT HAS A pH OF 5,410 ? . | hEN
THE IONIZATION CONSTANT OF Propionic acid I8 “1.40E~05 . »

9. HHQT 18 THF pH OF 4,404 M. NaHSO, HHOSE IONIZATION CONSTANT IS .
.5.600B-087 Co . y e - N

10." A SOLUTION PREPARED FROM 0.844 MOLE OF A\HEKK ACID, HX, N . .
o DILUTED TO ~ 272 ML HAS A pH OF 5.475 ., WHAT IS THE.pH - - B
S OF THE SOLUTION APTER 0,428 MOLE OF sonro ‘NaXx IS nrssonvnn IN IT2.
L _ ASSUME THAT NO SIGNIPICANT VOLUME CHANGE OCCURS - ‘ | S

WHEN THE NaX IS DISSOLVED IN THE .SOLUTION. - . o




.

2.
3.

4.

6..

zo

8. .

9,

10.

WITH A pH OF 5.890 ?° ASSUNE THAT. §O VOLUME CHANGE OCCURS

A 4.558 M SOLUTION OF A WEAK AGID, HX, HAS A pH OF 3.750 .
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. . _ N ’ . “ . . - S
A WEAK ACID, HX, IS 22,781 € IONIZED IN 0.862 M SOLUTION, . .
WHAT P!RCBNT OF“HY IS IONIZBD IN N 3“598 M SOLUTION ? -~ = e T

v)ou . —_
4

WHAT IS THE pH OF 0, 008 N Benzoic acid WHOSE IONIZATION CONSTKNT IS

6. 600F-052 _ R . o N R

HOW MANY mOLE] OF HClO NUST BE USED TO PREPARB , o N
0.61 L OF SOLUTION THAT HAS A pH OF 2,725 ? : | " b
THE IONIZATION CONSTANT OF HC10 IS 3.20E-08 . 'Q?': o A

% | A
‘A SOLUTION panpanso PRON 0.194 MOLE OF A WEAK ACID, HX,

DILUTED TO, 122 ML HAS X pH OF 2.779 . WHAT IS THE pH

OF THE SOLUTION APTER 0.488 MOLE OF SOLID NaX IS .DISSOLVED IN IT?

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS. ‘ S

_WHEN. THE ‘NaXx TS DISSOLVED IN THE SOLUTION. / B

WHAT [S THE CONCFNTRATION OF HF IN QA SOLUT ION PREPARED BY

 ADDING : 33 ML OF b.710 ® OF THE SODIUM SALT TO 309 ML OF 1. 815 M HCL ?
" ASSUME THAT THE TOTAL VOLUNE OF THE SOLUTION IS 332 ML. < S
THE IONIZATION CONQTANT OF HF IS 7.00E-04 NP oo

WHAT TS THE DEGREE OF IONIZATION OF A O.u4u44 M SOLUTION OF HNO,
WHOSE IONIZATICN CONSTANT IS 4.50E-04 ?

gHOH HANY MOLES ' OF THE SODIUH SALT SHOULD BE ADDED e .

TO. 363 ML OF  0.229 M Formic acid TO PREPARE A BUFFER

WHEN. THE SODIUM SALT IS ADD®D TO THE SOLUTION. v
THE IONIZATION CONSTANT OF Formic acid Is 2.10E-0u4 .

A’ BUPFER SOLUTION™IS MADE UP. BY ADDING 1.313 MOLES OF THE SODIUN SALT . e
TO 0.813 LITERS OF'A 0.079- M SOLUTION OF Pormit acid WHOSE IONIZATION' 4 =
CONSTANT: IS" 2.100E-04. WHAT IS THE pH OF THIS SOLUTION?

'AQSOLUTION PREPARED FRON 0,509 MOLE OF A unax ACID, L L ~_3!
*HX, AND 0,128 MCLE OF NaX .DILUTED TO 300 ML . ¢ : SRR

HAS A pH OF 3.185. WHAT IS THE IONIZATION CONSTANT OF #x ? '

WHAT IS THE IONIZATION CONSTANT OF THE ACID ? " Lo

\
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i N M BB haa BAG TR s Ve S



[

“ . : : Problem Set 17

. A BUFFER SOLUTION IS MADE UP BY ADDING 0.412.HOLES OF THE SODIUN SALT
TQ 0.712 LITERS A0O.137 ¥ SOLUTION OF HAc WHOSE IONIZATION
CONSTANT IS 1.80 -05. WHAT IS THE pH OF .THIS SOLUTION?"

2. A SOLUTION POFPRRED FROM 0.521 MOLE OF A'WEAK ACID,
HX, AND 0.658 MOLE OF NaX DILUTED TO 280 ML
HAS A pH OF 3.265. WHAT IS THE IONIZATION CONSTANT OF HX ?

3. "A WEAK ACID, HX, IS 8.981 1 JONIZED IN 0 320 M SOLOTION. .. . )“.u_
HHAT PERCENT OF HX IS IONIZED IN A 2.733 M SOLUTION ?

4; A SOLUTION PREPARED FROM 0.097 HOLE«OFﬂA-HBKK'ACID, Hx,

DILUTED TO 253 ML HAS N pH OF S5.694 3 WHAT IS 'THE pH .

OF THE SOLUTION AFTER 0.808 MOLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. s

S. WHAT IS THE pH OF 1,200 M Benzoic acid WHOSE IONIZATION CONSTANT IS
4 6.6005"05?

6. HOW MANY MOLFS OF THE SODIUM SALT SHOULD BE ADDED o %
TO 480 ML OP 0.213 M HNO, TO PREPARE A BUFFER T )
WITH A pH OF 4,789 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTION.

THE TONIZATION CONSTANT OF HNO, IS U4.S50E-04 .

" 7. HOW MANY MOLES OF NaHSO, MUST BE USED TO PREPARE
1.70 L OF SOLUTION THAT HAS A pH OF 3.125 ?
>  THE 'IONIZATION CONSTANT OF NaHSO, IS 5. 60F~08 .

8. WHAT IS THE DEGREE. OF TONIZATION OF A 5.010 M SOLUTION OF Pornic acid
" WHOSE IONIZATION CONSTANT IS 2.10E-O4 ?

9. A 3.310 M SOLUTION.OF:A WEAK ACID, HX, HAS A pH OF, 3.250 .
WHAT IS THE JONIZATION CONSTANT -OF THE ACID ?
i R £y -

10. WHAT IS THE CONCENTRATION OF Benzoic acid IN A SOLUTION PREPARED BY
ADDING 26 ML OF 2,090 M OF THE SODIUM SALT.TO 103 ML OF 4.900 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 129 NL.
THE IONIZATION CONSTANT OF Benzoic acid IS 6.60E-05

0




Bfoblen Set 18

1. WHAT TS THF CONCENTRATION OF Propionic acid "IN A SOLUT ION PREPARED BY
' ADDING 42 ML OF 2.990 M OF THE SODIUM SALT TO 450 ML OF 2.130 # HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 492 ML.
THE IONIZATION CONSTANT OF Propionic acid IS 1.40E-05

2. A SOLUTION PREPARED FROM 0.471 MOLE OF A WEAK ACID,
HX, AND 0.668 MOLE OF NaX DILUTED TQO 236 ML
HAS A pH OF. S.BﬁSJ WHAT IS THE TONIZATION CONSTANT OF HX ?

_____ 3. A . 2.848 M SOLUTION OF A WEAK ACID, HX, HAS A PH-OF 6.500. .
WHAT IS THE TONIZATION CTONSTANT OF THE ACID ?

¢ 4. HOW MANY MOLES OF NaHSO, NUST BE USED TO PREPARE
0.39 L OF SOLUTION THAT HAS A pH OF 6.670 ?
THE JONIZATION CONSTANT OF WaliSO, IS 5.60E-08 .

S. WHAT IS THE pH OF 3.792 M NaHCO, WHOSE TONIZATION CONSTANT IS

4.800E-11? , -

Y

6. IF A WEAK ACID, HX, IS 18.981 % IONIZED IN 0.570 M SOLUTION,
AT WHAT CONCENTRATION IS THE ACID 14.781 % IONIZED?

7. A BUFFER SOLUTION IS MADE UP BY ADDING 1.052 MOLES OF THE SODIUM SALT
TO-1.432 LIPERS OF A 0.946 M SOLUTION OF .HCN WHOSE TONIZATION
CONSTANT IS 4.000E-10. WHAT IS THE pH OF THIS SOLUTION?

8. HCN LS 3,31F GS. % IONIZED IN 3.630 M_SOLUTION.
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID?

9. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 315 ML OF 0.570 M Propionic acid TO PREPARE A BUFFER
WITH A pH OF 6.175 ? ASSUME THAT NO VOLUME. CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDRD TO THE SOLUTION, ’
THE TIONIZATION CONSTANT OF Propionic acid IS 1.40B-05 .

10. A SOLUTION PREPARED PRCM 0.545 MOLE OF A WEAK lCID, HX,/
DILUTED TO 351 ML HAS A pH OF 2.784 ., WHAT IS THE pH
OF THE SOLUTION APTERY 0.928 MCLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE.OCCURS
WHFN THE NaX IS DISSOLVED IN THE SOLUTION.

¢ r
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' - | Problem Set 19 e

1. A SOLUTION PREPARED FROM O. 434 MOLE OF N WEAK ACID, HX,
DILUTED TO 421 ML HAS A pH OF 6.270 . WHAT IS THE pH
OF THE SOLUTION AFTER 0.038 MOLE OF SOLID NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS
WHEN THE NaX TS DISSOLVED IN THE SOLUTION.

2. HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED
TO 168 ML OF 0.177 M Propionic acid TO PREPARE A BUFFER
_WITH A pH ‘OF 5,005 2 \QSUHE THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT I%\ADDED TO THE SOLUTION.
THE IONIZATION CONSTANT OF Propionic acid TS 1.40E-05 -,

3. WHAT IS THE pH OF 1.080 M Formic acid WHOSE IONIZATION CONSTANT IS
2.100E-047? |
4. A BUFPER SOLUTION IS MADE UP BY ADDING 0.252 MOLES OF THE SODIUN SALT
TO 1,032 LTTERS OF A 0.286 M SOLUTION OF HCN WHOSE IONIZATION
_CONSTANT IS 4.COOE-10.. WHAT IS THE pH OF THIS SOLUTION?

5 WHAT IS THE CONCENTRATION oF Propionic acid IN A SOLUTION PREPARED BY
" ADDING 49 ML OF 2.4C0 M OF THE SODIUM SALT TO 203 ML OF 3.630 M HCL.?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 252 ML. =
THE TONIZATION CONSTANT OF Propionic acid IS 1.40E-05

6. HCN IS 3.12E-C5 % IONIZED IN 2.430 M SOLUTION, =
WHAT IS THE IONIZATION CONSTANT POR THIS ACID? . C L

‘7. HOW MANY MOLES OF NaliSO, MUST BE USED TO PREPARE
. 2.04 L OF SOLUTION THAT HAS A pH OF 3,220 ?
THE IONIZATION CONSTANT OF NaHSO; IS 5.60E-08 .

8. A SOLUTION PREPARED.PROM 0,410 MOLE OF A WEAK ACID, S
HX, AND 0.448 MOLE OP. NaX DILUTED TO 220 ML
HAS A pH OF .4.944, WHAT IS THE IONIZATION CONSTANT OF HX ?
S ) _ . {
9, IF A WEAK ACID, HX, IS '5.881 X IONIZED IN . 1.915 M SOLUTION,
AT WHAT CONCENTRATION IS THE ACID 6.581 % IONIZED? " »

4 » L
10. A 6.166 M SOLUTION.OP A WEAK ACID, HX, HAS A pH OF 6.100
. WHAT IS THE IONIZATION CONSTANT OF THE ACID ? '




1.

9. ‘bAT IS THE CONCENTRATION OF HF IN A SOLUTION PREPARED BY;

10.

-Problem Set 20

-

A BOPFER SOLUTION I"NADB UP BY ADDING 0.922 MOLES OF THE SODIUM SALT
TO 0.242 LITERS OF A 0.201 M SOLUTION OF HAc WHOSE IONIZATION
CONSTANT IS 1.800E-05. WHAT IS TBB pH OF THIS. SOLUTION?.

A SOLUTION PREPARED FRON 0. 707 MOLE OF A WEAK ACID,
HX, AND 0.018 MOLE OF NaX DILOUTED TO 196 ML .
HAS A pH OF _5 345, WHAT IG THE IONIZATION’CONSTANT or HX ?

IF A WEAK ACID, HX, ‘IS S 681 X IONIZED IN 3. 395 o SOLUTION, ' ii'
AT HHAT CONCBNTRATION IS THE ACID 36 481 X IONIZED? . R

HOW MANY MOLES OF HNO, MUST BP USED TO PREPARE
0.58 L OF SOLUTION THAT HAS A pH OF 5.215 ? .
THE IQNIZATION CONSTANT OF HNO, IS U4.S50E-04 .

HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED

TO 398 ML OF 0.703 M HNO, TO PREPARE A BUPFER

WITH A pH OF 6.585 ? ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT ‘IS ADDED TO THE SOLUTION. :
THE IONIZATION CONSTANT OF HNO, IS ' 4,50E-04 .

A 2, 25“ M SOLUTION OF A WEAK ACID, HX, HAS A pH OF 4,500 .
WHAT IS THE IONIZATYON CONSTANT OF THE ACID ? | ‘i

CALCULATE THE pH OF 0.224 N NH3 WHOSE IONIZATION CONSTANT
IS V.8E-5, .

A SOLUTION PREPARED FROMN O. 79“ MOLE OF A WEAK ACID, HX,

DILUTED TO 296 ML HAS A pH OF 3.505 . WHAT IS THE pH

OF THE SOLUTION AFTER 0.708 MOLE OF SOLID. NaX IS DISSOLVED IN IT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE O0CCURS -

WHEN "THE NaX IS DISSOLVED IN THE SOLUTION.

DING - 3 ML OF 2.035 M OF THE SODTIUM SALT TO 193 ML OF 2. 260 M HCL 72
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 196 ML,
THE IONIZATION CONSTANT OF HF IS 7,00E-O“

Formic acid IS 3.02E-02 X IONIZED IN . B.374 H SOLUTION,
WHAT IS THE IONIZATION CONSTANT FOR THIS ACID?
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GUIDBuTO UNIT-ON EQUILIBRIA IN ACID-BASE SYSTEMS :

G _ OF *{E CHEMICAL FQUILIBRIUM MODULE
o Ve j.

EDUCATION%L aﬁgEcTtvr ' . v

v T @P» ' . ;
The pﬁﬁ%&i %educaﬁ1onal ijectlve 1 enable the gstudent to
apply equil%gz; m cond ts to chemical systems 1nvolv1ng weak acids
and bases. he*qtudenx

ﬁ?ould be able to discover the relationships

between 1n1t1al aoaiﬁmtratﬁon of weak ‘acid or hase, the magnitude of

equilibrium congﬂéﬁ

ﬁﬁf
'1_ 91v1ng‘waak acids
and buffer soluth-"ﬁ ' %}- , S @ -

% '.__‘ * Lo AR \ - ' ° .
3 ‘gn tﬂhm unit is to treat weak acid-base

for 1inzation, the pH and the percentage dlSSO-
brium’ concepts w1l¢hbe used to understand two
d bases, hydroly81s of salts

-‘01at10n. Fheseieﬁ
additional syste@s‘

-The approach t
reactions és further.é.ampleq of*equ111br1um systems. To emphasize

this, p01nt subscrlpt; ave bee&éomltted from equ111br1um constants.

o U51 Summ
3\\ U]’)_:l_.t..x ‘.._ [y

%ystems observing the effect of

izes the types of equilibrium *

student uses ACID program
to examine severaltweéﬁ;f'“’—base 3
(magnltude of equlllbriﬂmﬁégnstant nd initial reactant concentratlon
on the values of pH. anq Pé%cenbage d}§§001at10n The validity of a

81mp11fy1ng approximation is: dete ifted by COmparlng answers obtained

from exact: quadratic equatiens with those obtalned by the approx1mat10n'

X? X?
K=zg—x®¢ '-
ﬁhere : .
* K = equ111br1um constant o - . .
. C = initial weak a01d (or base) concentration: S
X = equlllbrlum HsO (or BH' ) concentration " .

. >
An opt10na1 extentlon of this simple approx1mat10n 1s the' use of a

progrdm which ein/Qé the method of successive apprOxlmatlons. A
example of such an iterative program is found in referente [1] on

|

page 176, _

_ Polypfbtic acid-base equilibria are not discussed“in this unit.

‘Many programs and problems 1nvo1V1ng student generated prOgrams ex1st.

Reference [2] page 176 contains examples of such pregrams and problems.,
' Hydrolys*s of salts 18 presented as an example of another aqueous

equ111br1um system. The equillbrlum eonstant for'thls reaction 1s

. . . . ) . S y ) BX /

’ .- B . o

P 4 5) v S ) . l..\'
B - 4 .. . . o

W ovy Lo - . . N

. N s . . . ),
T - . Y ot - N P =




o o

derived from K and appropriate dissociation constants for the weak

- . acid or base involved. _

) Finally, buffer action is examined using the’BUFFER program ta, .
Qompére the behavior of buffered and unbuffered solutions towards
the addition of strong acids or bases. These buffer ‘and/or hydrolysis -
sections might. well be made optional if time is a critical factor.

No atfempt has been made to deal with the general features of

titration Cuﬁ%eq of weak acids with a strong base or weak bases with
sfbdhg acids. A'mumber of interesting’ "BASTC programs for these
titrations exist in references [1] page 196 and [2] page 185. A .
logical extension to this module would be the use of such programs
to simulate titration curves..

L]

IMPLEMENTATION : ' ' Qi
v : . _ ]

It is desiragle that the student - be familiarMZith the conctepts
of unit 3 ("Equilibrium Calculations") of this module before attempting
this unit. It may also be necessary for the student to read the unit

on "pH, Strong ACids and Bases" or its equivalent chapter in a textbook.

ANSWERS TO PROBLEMS - R - PR

e,
-

1. Since the value of K-is small x would be expected to be small.

2. [H30+J ] decrease | , e
s pH incre;se |
$ dissociation increase
>
3. Seé computéa printout from ACID .

4. See computer printout from ACID

5. $hould give same trends as HF




6. See computer printout frgm-ACID ;

At

4

i + 0\ -

) H20 + HNO . = H,0 + NO, .
initial # moles 0.1 moles 0 0-
from data
changes in moles [ 3_y) moles X moles X moles
at equilibrium -
squilibritm= |03 noieo/1 | K moles/l | X moles/d
concentration N

-~ - . .\" 4‘
. Loy _
K :_U¥I"f§¥ = 4.6 x 10 )

PR

X2 + (4.6 x 10" ")X - (4.6 x 10"%) = 0

+ - I3
-« 7. [Hy0 ] deereases in both cases
pH ’ * increases
% dissociation increases o . d

8. HF has larger value of [Hs0']
HNO,- has larger pH vaiue _ : .
HF i1s more highly dissociated .. )
HF is stronger.acid - more H30+ from the same initial acid

[4

concentration than HNO, . )

9. yéa ﬂs
iO."See computer pfintout from ACID 10
’ 1. 2.00
12. 5. 96 x 107 . | ‘.
: 13, 1.07 x 10-% moles/liter N g |
1., 2.11 « 107" S 14 - W




15.

17.

18.

1.80 x 107°
3.8% A .
H,0 + NHy . —> NH. + OH~
initial nhmber of : 5
moles from data 0.1 mole 0 0
change in moles . =X . X +X
molgs.at. (0.1-X) moles X moles X moies
equilibrium T ) o o
equilibrium . (0.1-X) moles X moles . X moles
concentration 0.5 1 0.5 1
‘X. X X 2 ’
K .= 05 0.5 _TE . 1.8 x 10°°
' 0.1 - X ~ 0.1 - X~ *
T

quadratic expression

X2 + (9.0 3“10")x-+ (9.0 x 107%) = 0

[OH™]

NH 3

18.

decreases
pH | decreases
pOH ' increfises
$ dissociation  increases
‘For=methyl amine, CHy+NH:. and
[oH™] " © NH, >
pH - -  CHs-NHp >
. pOH <« NHs >
% d%SSociation NH; >

The largef the. value of K the
CH3-NH, < HZ0-NH, < NHj; < CgHs~NH,

B + H,0 ==
PO
[BH 1[OH 1]

K = [B]
let x = [OH™] = LBH+J

K =. X * X
Blinitial "

2 o
% = KIBypiia1

BH' + OH™

CHs-NH, -~
NHs o

CH 3-NH,

CH 5-NH,

stronger the acid or base

X - 8]

initial

>~
(P



+
P
e

. 5
22. 11.7 e
) 23. 1.8 x 10”°
. 2%, 2.0 x 10" °
25. 0.12 mole/l '
26. (A) pH = 7 (B) pH > 7 (C) pH <7 -
27. a. pH =7 ‘ b. pH > 7 cannot say’exactly -
- c. pH =7 - d. pH <7 e, pH > 7
_ [HFI[OH™] _..  [HF] [H;0"ILoH™] _
28. K - [r___] - _ R +# '_.~ — I = Kl L] Kw
& © [F71[H0"] ,_
, [HFI[OH™].
Ky o+ K F=g
_« [HFI[OH™] _ . [F] 1
A 0 K2 = THFITOR=] K17 %,
. , '+ ' *
30. HF + H,0 == F~ + H,40 K' = 6.7 x 10”"
F” + H,0 === HF + OH~ - '
-14 -14 ‘
K = g =- 2 X 10 T }es <107
6.7 x 10 ,
' : + o -+
31. a. NHy + Hp,0 == " NH, + H,0
. + - .
- INHsJ[H,0%1 | 55
| [NHY ] K
where _ '
. e " .
. K, = [NHyILOH ] : _ -
" N T INHGT ,_ | ‘
. K= [Hs0"1EOH™] = 1.0 x 107'* .
K = 1.0 x 10_5. = 5.5 x 10—10
©1.8 x 10 . S
! : -
5,




32..

3y4.

moles NH.‘fovméd

} let X =

HCOOH + H,0 —=> HCO0  + H30

will cause concent

concentration prod

b. 1let x = number
: | + : +
H20 *-  NH, e NH 3 4 HyO
initial no. moles 0,2 moleg .0 ‘ 0
change in moles -X moles. +x moles -+x moles
no. moles at. (O.?—x) moles X moles x moles #
equilibrium ] o ; : -
equilibrium "0.2-x moles 4 Moles . 4 Mmoles
concentration L 1 i . 1
_ ' 2 2
. _ wA—10 X _ X
[N K = 5.6 x 10 = m - m
d. %2 = 1.12 x 107" | .
x = 1.06 x 10”° 5 moles NH; = moles OH ;
—4 _ 1.06 x,10°°% _. - _
[OH ] 0 Titer = 1.06 x 10 mole/1 = [NH,]
-14
+ -
[(H3a0 1 = 1.0 x 10 -— = 9.4 x 10 '% mole/1
1.06 x 10~ °
pH = -log(9.4 x 107 '%) = (-0.97 - 10)
pH = 9.03 ‘
e. pH > 7 " gsolution is basic thus confirming our prediction. -
2.1 x 107" = X X oo X L
T . 0.1 - X 0.1
X2 = 2.1 x 107° = 21. x 10" °¢
X = 4.6 x 10"
pH = -(0.66 - 3) = 2.3 Y
Addition of HCOO to the system \

+
rations of reactant HCOOH to increase and =~

- + ,
uct Ha0 to decrease.. Thus the pH of the

solution will increase.

moles of H

-is

0.01 mole H30"

l

“ 3

+ . . el .
30 1n solutlon after addition of acid. When

added to\the buffer solution it will react with'

17



c“n

a, -
/ 7
0.01 mole HCOO  to form 0.01 additional mole of HCOOH. . Thus
1Y
the scorecard would appear as follows: ~
. + -
 Ha0 + HCOOH ==  Hs0 +  HCO0O
. initial moles 0.10 moles 0.01 moles 0.20 molegy
change in moles | +0.01 moles -0.01 moles -0.01 moles
- no.‘m9le§ at 0.11 moles X 0.19 moles
equllibrium )
equilibrium 1 moles ) moles
- - L (X)(O’.lgl
K= 2.1 x 10 = 51T .
X = 2.1 x 10""[m0'11]
. X = 1.2 x 10"
*
pH = 3.91
| 4
35. let X = moles of H30+ in solution after addition of base. When
0.01 mole OH  is added to the buffer solution it will react with
0.01 moles of HCOOH to form an additional 0.01 mole of HCOO .
Thus the scorecard: ' . )
oy | _

H20 + HCOOH ;;:t H30 ﬁ‘ HCOO
initial moles 0.10 moles 2.1 x 107" 0.20 moles
change in moles | -0.01 moles v +0.01 moles

o no.:mqle§ at 0.09 moles X 0.21 moles
y o | equilibrium ‘ _
equilibrium o Moles X moles
concentrations 0.09 1 1 ' 0.21 il
] K - 2.1‘)( 10 -~ (0.09) ., , ‘
5’ - : ,

%
>
1]
e
L]
o
bed
(o
o
|




36.

37.

38,

39.

ho.

41,

2.

- 3.

(a) acid: Hs0' + CHsCO0” —+ H,0 + CHsCOOH
base: OH™ + CHsCOOH — CHsCO0™ + H20

(b) acid: H,0' + NHy —» NH, + H,0

. base: OH™ + NHy —= NH, + H,0

(A) K of weak acid

(B) ‘'concentration of weak acid
() concentration of weak base
WUt

2.82 Lo

9.56

of

0.90 mole/1
_TIATY L gt
K'"W’[H]'

taking negative logarithm of both sides
~log K = -loglh']

pK = pH
(A) (i) decrease [A"]
(ii) increase slightly ¢
(iii) decrease slightly
(iv) decrease markedly
(B) (i) increase [A™]
(ii) decrease slightly |
(iii) increase slightly " '
(iv) increase markedly
(C) when moles of added H30+ = moles of salt in solution

" buffer capacity exceeded.



ANSWERS TO PROBLEM SETS

- 3.60E-01
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2.22E-03

5.60E-08

4. 87E-12
2. 15E-06

4. 62E+00

1.50r+01

1.51E+00

1.34E+01

4.38E-01

10.

TEST 2 TEST 3
1. 1.18E+01
~ _2.6UE+02 i
- 2. 4.98E+00
1.07E+00
1.63E+00 _
3.. 5.83E-01
1.72E-01 M
- _ »
4. 6.73B-05
1.31E-05 ¢
5. 1.28B-12
_ 4.80E~11 .. L
] 6. 2.28B-05
4,30E-13
7. BJ42E-09
8. 2.76R+00
4.998+00 7
| 9. 1.17E+01
4.52E+00
2.70E¢02 10. 2.38E-03

TEST

4,58R+00

20 66E-07

uo 23E-0“

\

u. 57 E-Ol!’\

1.78E-01

'o 08 B"'02

4.56 F+00

" 1.03F+01

3. 84E-01

1.35E-14

g5 -



R 10
TEST 5§  TEST 6 TRST 9 TEST 8
1. 3.82E+00 1. 5.58E-07 o
o 2. 5.92R-02 , . '
20 3.96E-03 .lél , - '
2. '0'33'0' ' ’ ' )
- 3. 3.92E-05 2. 1.32p-03
. o c . 4. 1.65E+00 M
3. 6. '73'00 ) 3. '0723"0' . 3' '.OBE-—O_"
4. 1.18E+01 . | 4. < 3.84E-10
~ 6. ‘90 SOE-'S ! A
6. - A.7IE-08 5. 8.75B-13 | 6. 1.48E+01 N
: " 7. 4.36E+00
6. 5.978‘0' H- . - .&7. “.22E‘0“
7. 8.87B-01 7. 1.38E~02 |
. R - | 8. 1.09E+01
t ) 80 u0268-02
' ) " 8. 1.58E+00 NN
80 'QO'E-OS v . * '
. 9. “.9“8-06
' " 9. 3.06E+00 L
\ 90 2. 273-08 . . " ’
9.  4.73E+00
10. 3.88E+00  10. '4,79E-04  10. 1.00E+00 - 10. 9.42E+00
51 /




) 1.
.
3.

10.

TEST 9

> 3.50E-01 M

4,39re-01 2.

1.28E+01
5.32E-06

1.268400 / 6.
‘. ‘7.‘3’01

2.358-07 %

8.36E-01 8.

TEST 10

6.79E-01

2.62E-11

2.51E-06

9.U48E+00

6.02B-05

1. 178+01

5.32E+00

5.68E-01

- 2R

4.00E-03 9.

3;1“3’0“

10.

- 8.57E400

15.608’68

1.

3.

- 10,

o

TEST 1"

-~

*
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SOFTWARE

Program Descrlptlons

——

ACID | S
This is’ an.. 1nteractlve program whlch deals with the ‘'systemg
s g HA + H,0 = HaO + AT

- - B 4+ H,0 =_ BH' + OH”

where HA is a weak acid and B is a weak base.

The student chooses the system, acid or basej, and enters the<//e

appropriate equilibrium constant,‘1n1t1a1“number“ofﬂmole5"of"ac1dror o

base, and the volume:of the solution.r The program calculates initial

and'equiliorium concentrations of reactant and product species, the

"pH of. the equlllbrlum solutlon and the percentage dissociation. of

‘orlglnal acid or base. - These calculations employ the quadratlc

formula to obtain e&act solutions. After the student obtains answers

from his initial 1nput data he may (1) enter another initial con-

f:centratlon (2) chaﬁge to a different acid (or base) reaction or

:(3) termlnate the program. 'These choices are avallable to him

' after each set of calculations. -

BUFFER S . ~ ‘
_ -This'is an interactiye\simulation program to allow the student
to make up given volume of weak acid/salt buffer solution. The
behavior of this solution is eompared with an equal volume of a pure
water solution upon the additlén of small amount of strong acid or
base. The student may adjust the initial pH of the buffer by addlng
weak -acid or salt. ‘He then chooSes(whether to add strong acid or
strong base. Next he adds tne reagent'ne has chosen dropwise to both
solutions and observes the’ results. He may add as many increments
of reagent as he desires.- It is recommended that 1n1t1ally the
student add 1ncrements of 1 or 2 drops in order to best maximize pH
difference in buffered and water solutlons.ijif the buffer capacity
whould be exceeded, the program prlnts "BUFFER CAPACITY EXCEEDED"

and termlnates. E -

1 .
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REFERENCES

-

Computer programming references for an instructor or his
motivated students interested in writing their own programs to

accompany  these units are given below:

- »

[1] "BASIC and Chemistry", L. Soltzberg, A. A. Shah, J. C. Saber,
¢ : 2
and E. T. Canty (Houghton Mifflin, Boston, 1975).

R
4

[2] "Introduction to Computer Programming for Chemists - BASIC
Version", C. L. Wilkins, C..E. Klopfenstein, .T. L..Isenhéur,_um

P. C. Jurs (Allyn.and Bacon, Boston, 1974). )
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' INITIRL CONC  BASE

N\ y
Sample run of ACID

v

»
ENTER THE TYPE OF E@UILnglUH YOU WISH 7O STUDY.

CACIDY FOR WEAK RACID DF “RASE- FOR WERAK BASE, 7BAS

"ENTER THE FORMULA OF YOUR PBASE,

TNH2 N

a

ENTER THE VALUE OF THE EQUILIBRINM CONSTANT?1.SE-

ENTER THE ¢ OF MOLES OF NH3 ORIGINALLY IN THE SOL
»0.1 |

© NTER THE VYOLUME OF THE SOLUTION IN LITERS?TI

3

,

INITIAL TOMC BRSE = .1 MOLES LI TER
EQUIL COMC BASE =  9,QK673E-02 MOLES~LITER
aH- - CONC = 1.33267E-03 MOLES~LITER
BH+ CONC = 1., 332EF7E-0Z MOLES-LITER -
FH = 11,1247 o * DISSOCIATION = 1.2332&7

wouLd you LIKE TO CHOOSE ANOTHER CONC .0OF NH"1
ANSKER YES OR NOTYES

CENTER THE # OF MOLES 0OF NH3 ORIGINALLY IN THE 0L
.7 \ | : :
"ENTER THE VDLUME OF THE SOLUTION IN LITERS?100

INITIARL CONC BRSE = .01 MOLES-LITER

EQUIL CONC BASE = ;.q84t4E 032 MOLES-LITER
OH- COMC =  4,15260E-04 MOLES-LITER
EH+ CONC =  4,133¢0E-04 MOLESALITER

FH = 10,6194 % DISSOCIATION = 4.153589

WOULD YOU LIKE TO CHOOSE ANOTHER CONC OF NH37
ANSWER YES OR NOTYES

I:

EHTER THE « OF MOLEXS OF NH2 ORIGINALLY IN THE SOL

NTER THE VOLUME OF THE SOLUTION IN LITERS?10

= .05 . MOLES-LITER
EQUIL  CONC BASE = 4.90603E-02 MOLES-LITER
OH- CONC = 3,.39726E-04 MOLES-LITER
BH+ . cONC 08 9. 39726E-04  MOLES<LITER
FH = 10.973 | e DIS SSACIATION = 1.87945
E

WOULD vOU LIKE TO CHOOSE ANOTHER CONC OF NH3R7?
ANSWER YES OF NO?PND '

MH 2 . K = SON0NR
INTTIAL EQUILIBRIUM
[HA) CCHAY ~ [H20+] [A-=1
L1000 . 02T Loo12 . 00173
L0ton . 0098 © L0004 .. 0004

. 0500 . 0491 .. 0009 . D009

* : = ——————————

A 5‘7

*

E

a3

UTION

-

uTION

UTION

FH
11.1247
10,6184
10,9720

{
1;
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WOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE? YES OR NO 7TYES
“ACIDY FOR WEAK ACID OR “BASE- FOR WEAK.BASE.?RCID
\ '
'HTER'THE FORMULA OF YOUR ACID.
THF. - )

ENTER THE VALUE OF THE EQUILIBRIUM CONSTANT?6.7E-04
1y i}

ENTER THE = DF MOLES DF HF URIGIHHLLY IN THE SOLUTION
7.3

! e D

NTER THE VULUHE OF THE SOLUTION IN LITERS?S

0e _ MOLES/LITER.
. 3983BE - 02 MOLES-LITER
H30+ CONC . 01419€E-03 MOLES~LITER
A- CONC .01419E-023 MOLES-LITER
FH = 2.22083 “ DISSOCTIATION = 10,0237

CINITIAL CONC ACID
EQUIL  ¢ONC ACID

W HH o

s s 0 I

WOULD yOU LIKE TO CHOOSE ANOTHER CONC OF HF? \
ANSWER YES OR NO?YES '

NTER THE = OF MOLES DF HF DRIGINALLY IN THE SOLUTION
T.03 4

NTER THE VOLUME OF THE SOLUTION IN LITERS?2

015 MOLES-LITER ®
1.21472E-02 . MOLES-/LITER

H30+ CONC .8%282E-03 . MOLES-LITER

R- " CcONC . 25282E-073 MOLESYLITER

PH = 2.54473 * DISSOCIATION = 19.018%

INITIAL CONC ACID
EQUIL CONC ACID

Wil H W

o ru

WauLDd YOU LIKE TO CHOOSE HHUTHER CONC DF HF 7
RANSWER YES OR NO7?ND

HF K = .00067

*

INITIAL ‘EQUIL IBRIUM g >
[HA) . [HRA) [H:30+1 [A-1 PH DISSOCIATION

. 0600 . 0540 . 0060 - .0060 2.2208 10. 0237
L0150 L0121 . 0029 . 0029 c.3447 . 19.0188

WOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE? YES DR NO 7YES
RCID” FOR WEAK ACID OR “BASE” FOR WEAK BASE.?RCID

t

ENTER THE FORMULA OF YDUR RCID.
THCN

ENTER THE QﬂLuE OF THE EQUILIBRIUM CONSTANT?QE-07 = y

- - ENTER THE @ OF HULES OF HCN ORIGINALLY IN THE SOLUTIOM
7. 001
ENTER THE VULUNE OF THE SOLUTIDON IN LITERS?10

———— — R s e e s i s

- ’ X . d




£,
INITIAL CONC ARCID = o000t MOLES LITER
EQUIL  CONC ACID = 9. 14468E-0% MOLES-LITER
H30+ CONC = 3.593I21E-06 MOLES-LITER
A COMNC = R, 95I21E-06 MOLES L ITER
FH = s, 067es % DISSOCIATION = 2.%%321

MOULD YOU LIKE TO CHOOSE ANOTHER CONC OF HCN?

ANSWER YES OR NO?YES

ENTER THE o OF MOLES.OF HCN DRIGINALLY IN THE SOLUTION
7. 0001 ,

MTER THE VOLUME OF THE SOLUTION IN LITERSTLO

¢

INITIAL CONC ACID

]

. 0000t MOLES-LITER

JEQUIL CONC ACTID =  7T.54343E-06 MOLES-LITER
H 20+ CONC T, = 2. 45657E-06 MOLES-LITER
R CONC =  2.45657E-06 MOLESALITER
FH = 5.6096R8 . DISSOCIATION = 24.5%657

NOULD yDU LIKE TO CHONSE ANOTHER CONC OF HON?
ANSWER YES OF NO7NO

HY M k= 2. Q0U0QE-Q7
INITIAL EQUILIRRILM
 [HA) [HA] “[H20+) (A-1 PH
.hool RIS L0000 .0000 S, 067
L uNon L0000 .nono .nono S. 609

NOULD YOU-LIKE TO TRY A DIFFERENT ACID OR BASE? YES OR NO ;

Q
>
V
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ENTER FORMULA OF THE HEAK ACID BUFFEROCONPGNENT
?CH3CROH 3 . -

ENTER FORMULA OF THE SALT BUFFER COMPONENT
?7CH3COANA '

ENTER THE EQUULIBRIUN CGNSTANT FﬂR WEAK ACID

" 71.8E-05

ENTER THE CONCENTRA‘I‘IGN éFVFAK ACID (MBLES/LITER)
7.1

CONCENTRATION OF SALT (MBL'ES/LITER) ?

715

K3

(

THE PH @F THE BUFFER IS 4.92083

DO YOU WISH T@ ADJUST THE PH OF THE BUFFER 7
ANSWER YES B8R NGO
7 YES
ENTER THE CGNCENTRATIGN BF WEAK ACID (MOLES/LITER)
2.18 : .
FES 3 '
" CONCENTRATION OF SALT (MGLES/LITER) ? S (/,

t ot

7.15

“©
" pou
[

THE PH @F THE BUFFER IS 4.80689

_D8 YOU VISH T8 ADJUST THE PH er THE BUFFER ?
ANSWER YES R NGO . X
N0

e

ENTER. TOTAL WLUME GF BUFFER IN MILLITERS

?250 4
ADDING STR@NG ACID @R STRONG BASE TO BUFFER ?

ANSWER ACID GR BASE

-

. ?BASE ,

ENTER CGNCENTRATION F’ STRGNG BASE' (MJLES/LITER)
7.1

.

WE WILL NOW ADD THE SAME # OF DROPS @F STRONG BASE T3

250 ML OF BUFFER SOLUTIGN AND 250 ML PURE WATER
EACH DROP IS CONSIDERED T HAVE A WLUME OF 0.05 ML

DROPS OF BASE
71 ‘ :
TOTAL ML STRONG BASE ADDED .08

PH F WATER 9,30096 . N
» &

.,

60
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T

PH OF BUFFER 4.80701
FINISHED ?

N0

DROPS OF BASE

T@TAL ML STRONG BASE ADDED
PH 8F WATER 9.60191 |
PH @F BUFFER 4.80714
FINISHED ? ;

N0
DROPS OF BASE

15 | :
T@TAL ML STRONG BASE ADDED
PH OF WATER 10.1455
PH 0F BUFFER 4.80776
FINISHED ?

N0
DROPS OF BASE

720 ‘

TOTAL ML STRONG BASE ADDED
PH 8F WATER 10.7301

- PH @F BUFFER 4.81026
FINISHED ? '

TNQ
DREPS @F BASE

7100 ) o
TOTAL ML STRONG BASE ADDE
PH @F WATER 11.394

PH @F BUFFER 4.82275
FINISHED ?
NG
DROPS @F BASE
7100 .
TOTAL ML STRONG BASE ADDED
PH OF WATER 11.6378
PH @F BUFFER 4.83527
(FINISHED ?
? NO
DROPS OF BASE
? 500 )
TOTAL ML STRING BASE ADDED
PH OF WATER 12.1036
PH @F BUFFER 4.89858
» FINISHED ?
NG
DROPS @F BASE
21000 ' .
TOTAL ML STRANG BASE ADDED
PH QF WATER 12.4095
PH @F BUFFER 5.03101
FINISHED ?
7N

.35

135

635

11.35

36.+35

86.%§//

61
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¢ DRAPS OF BASE
7 4000
T@TAL ML STRONG BASE ADDED 286.35
PH OF WATER 12.7275% :
PH @F BUFFER 5.9780¢2
FINISHED 7
7 NO
DROPS @F BASE
? 4000 |
BUFFER CAPACITY EXCEEDED !

D)

BUFFER SYSTEM CH3COOH/CH3COONA
ORIGINAL BUFFER PH =.:" 4.80689

DROPS OF BASE PH WATER PH BUFFER
1 9.30096 4.80701
2 9.60191 4.80714
7 10. 1455 4.80776
27 10.7301 4.81026
127 11.394 4.82275
227 11.6378 4.83527
727 12.1036 4.8985%8
1727 . 12.4098 5.03101
5727 12.7275  5.97802

)\
D

2]

v




22

ACID Progpram

+

100 REM 000000000000000006 P R IO G R N M 06000000000000000000006000000000
110 REM STRING VARIABLES: LINES 160, 240y 3005 210y 370y S70
120 REM S0y 590, €00s 720y 810s R0y 230 950s 990y 1110,
130 FEM PRINT USING/IMH%E PAJR RT LINES 1040,1030 -
140D FEM 000000000000 0400000000000000000000050000000000000000000000000000
150 REM _ : g ‘
150 DIM ASI4]sFS 201 YEO1D - N S
170 DIM 0O[lO]yhl[lO]:10[1039P4[105,D[10] ,
130 PRINT " CRACID ACID-RASE EQUILIBRRIUM DEMONSTRATION "3
130FRINT. "PROGRAM"
200 FRINT ’ )
210 PRINT "ENTER THE TYPE OF EQUILIBRIUM YOU WISH TO STUDY.®
220 PRINT "“ACID~ FOR WEAK ACID OR “"BASE” FOR WERK BASE."$
230 INFUT A%
240 IF AE="ACID" DR H¥="BRATE" THEN 200 -
250 PRINT "PLEASE ENTER “RCID” OR “BASE- "3 LT,
G070 &2 - Vs ‘
REM
FEM&‘“\INPHT OF PARAMETERS,
REM ) ' .
FRINT LINCZY3 "ENTER THE FUQTHLH OF YOUR "39$[!34]3".?
INFUT F§& N
PRINT LINCIXT"ENTER THE VALUE OF THE EQUILIBRIUM CONSTANT® R
IMFUT K “ . X . %ﬁﬁ‘.\
340 FRINT ' % N
350 LET I=0 ‘ : v
360 LET I=I+1 _ - '
270 PRINT "ENTER THE # OF MOLES OF “3F$3" DORIGINALLY IN "3
380 PRINT "THE \DLUT!UN ' - '
390 INFUT M ’
400 FRINT "ENTER THE \DLUHE OF THE SOLUTION IN LITERS™S
440 INPUT V '
420 LET COLI) =M~V
4230 REM
440 REHWSO\QUHDRRTIF ROOTS DERIVED.
450 REM FOPMERLY SUBROUTINE IN ORIGINAL.
450 REM . \ '
470 FOR 29=1 TO 1
430  LET PA=1

0
IJ':

[T o s B sl G s B o B s R ]
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490
S00

510

520
530
340
530
3é0
570
380
520
~600
610
620
‘630

- 640,

650
660

670"

580
690
700
710
720
720
740
750
760
770
730
790
800
810
220
830
R4 0
8%0
860
870
880
290
© 900

LET B=K i -

LET C=-BeCO([]) '

LET RO=Bee-40ReC

IF RO<O THEN 1260

LET R1=(~B+SQRC(RO0)) - (26R)

LET R2= (~B-SQR (RO ).~ (2oA)

IF C(R1<0 OR <COCII-R1> <0> THEN 620

LET R=R1

IF (R<. 000001 AND A$="RACID"Y THEN 1160
IF <R<.000001--AND AS="PBASE") THEN 1180
IF ¢R>1 AND A$="ACID"> THEN 1200

JIF (RM1 AND A$="BASE"> THEN 1230

G0TO 680
LET R=R2
IF R<.000001 THEMW %70 ”
REM ) "
REM9>2> CALCULATION OF OUTPUT VALUES.
REM o
FOR Z8=1 TO
. COTI) =M~V i
S1C011=CO0C1)-R
. 10CI)=R \
. P4[11=<LO6 (1 -RY) /2,302%8 @
DLI)=C¢R-COCII> 100
IF A$="ACID" THEN 800
LET P4[11=14-P4(1]
NEXT 28 -
NEXT 29 .
REM . -
REM@> 3> INDIVIDUAL DISPLAY.
REM
FRINT - : L |
PRINT “INITIAL CONC "SAS3™ = "iCOCI)$" MOLES-LITER"

FRINT "EQUIL CONC “"3A$3" = “3SC1CI13" MOLES-LITER"

IF R$="BASE" THEN 870

FRINT “H3Q+ CONC = “310CI13" MOLES-LITER"
FRINT "A- CONC = "{I0C113" MOLES-LITER"
GOTO 890 | )
PRINT "OH- CONC '=¢ "1I0C[F13" MOLES-LITER®
PRINT “BH+ CONC = "310C113" MOLES-LITER"

FRINT “PH = "3P4(Il}"

* DISSOCIATION = “"3iDC[I)
IF I=10 THEN 990 -

et 1

»



910
220
Q30
940
A=)
960
970
ag0

920

1000
1oto
1020
1030

1040

10%0
1050
1070
10210
1090
1100
1110
1120

1130

1140
1150

1160

1170
Hs0

1190
1200
1210
1220
1230
1240
1250
1260

1270
1230

IEQD

L _uF

T 2y
‘. ’
FRINT . . ~
PRINT "wOULD YOU'LIKE TO CHOOSE ANDTHER CONC: OF “3F$§™7?" "
FRINT "ANSWER YES DR NO"?%
INFLIT V€ T : . :
IF Ye="Y" THEN 260 , . ) - ¢
REM . ‘ '
REM2> 2> TABRULAR DISPLAY.
REM :
PRINT LIN(1)+TRAB(SYIFEE ™ K = “"iK . S
FRINT LIN2Y«"INITIAL EQUILIBRIUM"
PRINT [HA] [HA) (H30+] - A=Y s
PRINT FH DISSDPIRTIDN" ‘
FOR J=1 TO I
FRINT USING 10H0.c0[t].Ll[lJ,IOEJJ,IOI'J P4[l] pen
IMAGE €+ DDD. DDDD, XXXX)
MNEXT : ’
PRINT ‘ . / -
FRINT “WOULD YOU LIKE TO TRY A DIFFERENT ACID OR BASE?™3 :
FRINT * YES OR NO "3 . )
INFUT V¢ ' - _ . , .
I vE&="Y" THEN 220 . - . _ *
“TOR L e )
FEM "
REMa>3>ERROR unpNINﬁ MESSAGES. ~ . "y
FEM .
EPRINT "WARNING ~ -~ THE H30+ CONC 1S LESS THAN 1. 0E-€
GOTA 200 : ) T .
PRINT "WARNING ~ - THE.OH- COMNC IS LESS THAN 1. 0E-6" T
GOTO 200 _ - ' : ’ . .
PRINT ,"WARNING — - THE H20+ CONC IS SREATER THAN 1.07% o (ﬁ
FRINT = - - VERY RIIDIL SOLUTIONE ™ - L
=0TO 200 . T : )
PRINT "WARNING - - THE OH- CHONC IS SREATER THAN 1.073
FRINT * - - VERY BARTIC .SOLUTION!"
=0T0O 200 ‘ . ,
PRINT "ROOTS ARE IMAGINARY.
FRIMT “THE DATA GIVEN IS NOT POSSIBLE - - TRY RAGAIN.” |
s0TO 300 _ ' °
END . R
o o o . .- _ : .
P 6‘{) / N
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s
%
i

10
20
30
40
S0

70

- 90
100
- 110

: 120
130
140
150
1 60

170
180
190
200
210
220
230
240
250
260
270
280

290

300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
430
460
. 470
- 480

BUFFER Program

»

t
DIM DER0O),P(R01,Z(20)
DIM AS(20).,SsC20),Q3(5)

PRINT
PRINT
PRINT
INPUT
PRINT
PRINT

INPUT

PRINT
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT
PRINT
INPUT
PRINT

AS

LET HaKC1/C® “
LET PI=(LA@C1/H))/2.30258

PRINT
PRINT

PRINT
PRINT

INPUT

“THE PH 8F THE BUFFER IS ";PI

*“ DI YOU WISH T8 ADJUST THE PH O0F THE BUFFER. ?"

** ANSVER YES OR NG *
1

IF Q$="YES™ THEN 140

PRINT
PRINT
INPUT
PRINT
PRINT
INPUT

“ ENTER T@TAL VBLUME GF BUFFER
Vi

' ADDING STRGNG ACID @R STRONG
* ANSWER ACID OR BASE " v

Qs

IF Q$='"BASE"” T (EN 750

PRINT " ENTER-CONCENTRATION BF STRONG ACID. (MGLES/LITER)

INPUT

PRINT *WE WILL NOW ADD THE SAME ¢ OF DRGPS STRONG ACID TO '
Vi3 ML - BUFFER S@LUTION AND *“3Vis*

PRINT
PRINT
PRINT

c3

»

A}

IN MILLITERS "

BASE T4 BUFFER

[

¢

* ENTER FORMULA OF THE WEAK ACID BUFFER' COMPONENT *

* ENTER FORMULA OF,THE"ﬁ?LT'BUFEER COMPONENT *

R-1 8
* ENTER THE EQUILIBRIUM CONSTANT FOR WEAK ACID **
K .
.ENTER  THE CGNGENTRATIQN OF VEJ\K ACID (MILES/LITER)"
Cl
* CONCENTRATION OF SALT (MOLES/LITER) 7 *
ce . : -

ML OF PURE WATER "

25

“EACH DRQP IS CONSIDERED T®@ HAVE A VALUME OF 0.05 ML *

LET I=0

LET D=0
LET [I=I+]

PRINT
INPUT

* DRYPS OF ACID *
D1

LET DR=D]+D2
LET DC1)=wpe

LET Va=DL1)/20

~

4



490 LET HI=(VaxC3)/(Vi+V4) ~ - et , ,
s00 IF VaxC3I>VisC2 THEN 720 L SIS SO
510 LET HR=(ClaV1+CI*VAI*K/(CR2%VL1-CI*V4) ' R
520 LET PLI)=(LOGCI/HL))/R. 30255 o S
- 830 LET Z[{1)=(LOG(1/HR2))/2.30288 . - SR e S T
‘ %40 PRINT * T@TAL ML STRONG ACID ADDFD "xva L e T
. $50 PRINT ** PH @F WATER = "3PC(I) - ' L e
560 PRINT ** PH OF BUFFER = “32(1) . S '
70 PRINT ** FINISHED ?" o - ~ -
580 INPUT QS8 = . )
590 IF Q$="YES" THEN 610 . S
600 G@TE 430 | ] '}F:" Lo
. 610 LET J=1I ' : a o _
7 620 PRINT . U
630 PRINT - - _ | Y -
640 PRINT ** BOFFER SYSTEM *"JAS85"/"iS§ i s
650 PRINT * @RIGINAL BUFFER PH = *;Pl SN
660 PRINT ' ' : R s
670 PRINT ' DR@PS OF ACID .PH WATER - PH BUFFER " Lo
680 FOR I=) T80 U - o : : B \
690  PRINT otn,mn,zcn | Ly
700 NEXT I - . _ e T
710 END : ) ' L I
720 PRINT - BUFFER CAPACITY 'EXCEEDED 1 Rt
730 LET J=I-1 . - oy T e
- 740 GATE 620 | B o oL wbjgf/jla
7%0 PRINT * ENTER CONCENTRATION @F STRONG BASE (MOLES/LITER)* = - 1. "
760 INPUT Ca4 »
770 PRINT I |
780 PRINT ** WE WILL N@W ADD THE 'SAME # OF DROPS @F STRONG BASE T® * -
790 PRINT V13" ML OF BUFFER S@LUTI@N AND "3 Vi3* ML PURE WATER "
800 PRINT ** EACH DROP IS CoNSIDERED T HAVE A VOLUME OF -0.05 ML *. .
. 810 PRINT | _ : , . I,
© 820 LET I=0 . T 3 : L e et
. 830 LET D2=Q . | . A Do
840 LET I=1+] ' | : " § TR
‘850 “PRINT * DROPS @F BASE " Lo BT
860 INPUT D1 "~ - . : o
870 LET D2=D1+D2 ) - o . “ o RN
880 LET D(11=p2 - S S | } (R
890 LET VS=Dl[11/20Q R B - R
900 IF VS%CA>VI*Gl THEN 1030 ° =~ ' ' ' S
910 LET HI=(VUS%C4)/(VI+V5) - -
' 920 LET H2=(1E-14)/H1 C _
-930 . LET u3=(c1*vn-ca*vs>¢u/<ca*v1+cgtv5) . . . ’
940. LET PLI)=(LBGC(I/HR))/2.30258 E . . - :
950 LET ZCI)=(LOGC(I/H3))/2,30€58 | - - . \
960 PRINT " T TAL ML STRONG BASE ADDED "3 VS C _ "o
© 970 PRINT * PH @F VATER !3PLI1) . ' B :
x 980 PRINT ! PH @F BUFFER "}Z[IJ oo SR , o
© 990 PRINT * FINISHED 7" o : _ DRI
1000 INPUT Qs ' . | o
1010 IF Q$="YES" THEN 1060
. 1020 GOTO 840

Sy (AU ) A
- ] - ty
. : b ' . 6 /
. . . . .

- . . \




-, 1030
‘. 1040
i 1050

. 1060

1070

1080
“1090
1100

1110

1120

1130

1140

1180

1160

M

PRINT " ,BUFFER CAPACITY'EXCEEDED | I

. -

LET J=j«)

GdTe 1070 - y

LET Jal S :

PRINT o e (
PRINT '

PRINT ™ BUFFER SYSTEM “3AS$3"/*3SS
PRINT " ORIGINAL BUFFER PH = *;P|
PRINT - . o -
PRINT *“DROPS*'3" OF BASE’ PH WATER
FOR =] TO J. .

PR.INT DCI1),PL1I),2(1)

NEXT 1
END ,
rs
v
f'
{
{
"

PH BUFFER

.27



TEST

1.

»

Unit ’? 't on Acid-Base Equilibria time = 20 min. ..

N

1 . ' '
WHAT IS THE DFEGRFE OF ITONIZATION OF A 2,082 M SOLUTION OF Formic acid

WHOSE TONXIZATION CQQSTANT IS 2.10r=-04 ? '

--A-RUFFER -SOLUTION-TS- MADE- UP -BY- ADDING -1.542 MOLES OF -THE SODIUM SALT . - -

TO 0.802 LITFRS OF R 0.876 M SOLUTION OF HCN WHOSE IONIZATION
CONSTANT IS 4,CCOE-10, .WHAT I3 THE pH OF THIS SOLUTION? '

A -SOLUTION PREPARED FROM C‘81J MOLE OF A WRAK ACID,
HX, AND '0.518 MOLE OF  NaX DILUTED TO 204 ML
HAS A pHd OF 5.289., WHAT IS THE TONIZATION CONSTANT 0? HX ?

1

A H#4.300 M _SOLUTION OF A WEAK ACID, HX, HAS A pH OF 3.850 .

WHAT TS THE TONTZATLION CONSTANT OF THE ACID ?

CALCULATE THE pH 0F 1.794 M METHYLAMINE WHOSE IONIZAT ION CONSTANT

IS 1.8E-5. . ‘ "

N x
TEST 1
o 1. 2.08E-02
| AR o d
2. 9.TUE+00
C e . i
. ¥
. 3. /3.2T7E-06 .
‘ o e . ' — .
’ u. u.6“8‘09 ' g C . _ E ’.

5. 1.18E+01



¥ EV
; .

Unit Test on Acid-Base Pquilibria time = 20 ein. o=

»

-
- ) ~
. TEST 2 : L.
o 1. CALCULATE THE pH OF 1,482 M NH3 WHOSE TONIZATION CONSTANT
- Is 1.8E-5. ' ' .
- 9. WHAT IS THE CONCENTRATION OF NaH505 IN A .SOLUTION- PREPARED BY  _ .
- ADDING 3% ML OF 2.585 M OP THE SODIUM SALT TO 371 ML or 2,725 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE. SOLUTION IS 406 ML.
N THE TONIZATTON CONSTANT OF NaHSO3 IS 5.60E-08 -
= 3. A BUPPER SOLUTION IS MADE UP BY ADDING 0.752 MOLES OF THE SODIUM SALT
TO 0.532 LITERS OF A 0.106 M SOLUTION OF HCN .JHOSE IONIZATION

- CONSTANT IS 4.000E-10. WHAT IS THE pH OF THIS SOLUTION?

4, WHAT.TS THE DEGREE OF IONEZATION OF A  2.496 H SOLUTION OF HAc
- WHOSE TONIZATION CONSTANT IS +.80E-05 ?

5. A u.702\s SOLUTION OF -x_a_mk ACID, HX, ~HAS A pH OF 5.650 .~
-~ WHAT IS TRFE IONIZATTION CONSTANT OF RHE-ACID ? _
LY
) [}

. o . TEST 2
- ’ ‘
. 1. 1.17E+01

A 4 . ¢

-\\; sl'_ 2, 2.23p-01 -

-~ o
L 3. 1.05E+01

e b ] . - .
- ~ . u. 6.69E-03\‘1

- ’ '

o : L *

: ; g 5. 1007E"‘2 ’
- . -

¥ - ~

Q - : L .




o}

Unit Test on Acid-Base Equilibria time = 20 min.

3 : .
CALCULATE THE pH OF 1,230 M NH3 WHOSE TONTZATION CONSTANT
TS 1.8E-5. | - _

A WEAK ACID, HX, IS 33.781 % IONIZED IN 1.860 M SOLUTYON.

"~ WHAT PERCENT OF HX IS TCNIZED IN A 4,478 M SOLUTION ?

A BUFFER SOLUTION TS MADE UP BY ADDING 1.052 MOLES OF THE SODIUN SALT
TO 1.432 LITERS OF A 0.490 M SOLUTICN OF HCN WHOSE TONIZATION
CONSTANT IS 4,.0C0E-10. WHAT IS THE pH OF THIS SOLUTION?wﬂ///

A SOLUTION PREPARED FROM  0.261 MOLE OF A WEAK ACID, HX,
DILUTED " TO 301 ML HAS A pH OF 6.534 .. WHAT IS THE pH
OF THE SOLUTION AFTER 0.358 MOLE OF SOLID NaX IS DISSOLVED IN TT?
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS’
WHFN THE -NaX IS DISSOLVED IN THE SOLUTION.

-

‘A 1.4%0 N SOLUTION OF A WEAK ACID, HX, HAS A pH OF 2.050 .

WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

6. :
TEST 3
1. 1.17E+01 )
. ,\ .-
2. 2.34E+0] o
Lo | 3. 9.57E+00 , .

‘4. 1.31E401

5. 5.538-05

)
P 1



15}
.

i

. Unit Test on Acid-Base Bquilibria time = 20 min.

»

4 . |
HOW MANY MOLES OF HCN MUST BE USED TO PREPARE
1.25 L OP SOLUTION THAT HAS K pH OF 4.895 ?

THE TONIZATION CONSTANT OF HCN IS . 4,00E-10 .

WHAT IS THE DEGREE OF TONIZATTON OF A 3.654 M SOLUTION OF Formic acid
WHOSE IONIZATYCN CONSTANT IS 2.10E-04 ? o
WHAT IS THE CONCENTRATION OF Propionic acid IN A SOLUTION PREPARED BY
ADDING 29 ML OF 4.400 M OF THE SODIUM SALT TO 16 ML OF 3.200 ™ HCL ?
ASSUME THAT THF TOTAL VOLUME OF THE SOLUTION IS 45 ML.

.~ THE IONTIZATION CONSTANT OF Propionic acid IS 1.40E-05

WHAT IS THE pH OF 1.272 M NaHSO, WHOSE IONTZATION CONSTANT IS
5.600E-087? o

uff AND /698 MCLE OF NaXx DILUTED TO 467 ML

A SOLUTffg)ﬁREPARED FROM 0.086 MOLE OF A WEAK ACID,
HAS A*pH/OF  3.694. WHAT Ig THE IONTZATION CONSTANT OF HX ?

3 )
T™EST 4

1. 5.08E-01

2. 2.76E-02

"

3. 1.14E+00

4. '3.5TE+00 - | ¢
- o

’ S %'6u3-03

LAYy

AT

"y - . o Yo
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Unit Test on Acid-Base Equilibria time = 20 min.

" A SOLUTICN PREPARED FROM 0,142 MOLE OF A WEAK ACID, .

HX, AND 0.418 MOLE OF NaX DILOTED TO 234 ML

HAS A pH OF 6.369. WHAT IS THE TONIZATION CONSTANT OF HX ?
WHAT TS THE DEGREE OF TONIZATION OF A 4.638 M SOLUTION OF Formic acid
WHOSFE TONIZATION CONSTANT IS 2.10EFE-04 ? _ v,

CALCULATE THE RH OF 0.920 M METHYLAMINE WHOSE TIONIZATION CONSTANT
IS 1088-50

HOW MANY MOLES OF THE SODIUM SALT SHOULD BE ADDED

TO 282 ML OF O0.816 M Proplonic acid TO PREPARE_A BUPPER
WITH A pH OF 4.564 2?2 ASSUME THAT NO VOLUME CHANGE OCCURS
WHEN THE SODIUM SALT IS ADDED TO THE SOLUTTION.

~ THE IONIZATION CONSTANT OF Propionic acid IS 1.40E=05 .

L4

HOW MANY MOLES OF HCN MUST BE USED TO PREPARE
1.23 L OF SOLUTION THAT,HAS A pH OF 4.420 -2
THE IONIZATION CONSTANT OF HCN IS 4.00E-10 .

-

TEST =~ 5 . coa

1. 1.26E-06 ¢

2. 3.11E-02

A S
3. T.16E¢01
’ )
) ) < 2
- . -
uo 1'..188‘01 . [ 4 w“’ ""\.‘“
. . L 3 . v
. 'w "v "“u [ e,
. ’ N ) whe -
. S e T
. 5. 4.868400 .. -
: X .

I

g

LY



’TEST

‘.

/

Unit Test on Acid-Base Bquilibria time = 20 min.

g

J i .
6 .

*IF A WEAK ACID, HX, IS 12.081 X IONIZED IN 4.310 N SOLUTION,

AT WHAT CONCENTRATION 15 THE ACID 16.381 X TONIZED? - ,

CALCULATE. THE -pH OF 0.724..M NH3 NHOSE IONIZATION CONSTANT
IS 1.8B-5. ' '

\

WHAT IS THE CONCENTRATION OF Poramic acid IN A SOLUTION PREPARED BY
ADDING 26 ML OF 4.995 M OF TfiE SODIUN SALT TO 313 ML oF 2. 010 N HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 339 ML.

THE TIONIZATLON CONSTANT OF Pormic acid IS 2.10E-0u4

HOW MANY MOLES OF HF MUST BE USED TO PREPARE

1.65 L OF SOLUTION THAT HAS A pH OF 5.180 ?

THFE IONIZATION CONSTANT OF HF IS 7.00E-04 .

»

¢ .
A SOLUTION PREPARED PROM 0.239 NOLE OF A WEAK ACID, HX,

DILUTED TO 460 ML HAS A pH OF 6.664 ., WHAT IS THE pH

OF THE SOLUTION AFTER 0.378 MOLE OF SOLID NaX IS DISSOLVED IN IT? -
ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS

WHEN THE NaX IS DISSOLVED IN THE SOLUTION.

TEST 6
1. 2.23B+00 M

2. 1.16EB+01

j. 3.83E-01

5

4. 1.03®-07

- T 74
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TEST
1.

4.

< st
]

Unit Test on Acid-Base Fquilibria time = 20 min.
[ ! . . ' -p
'7 .
A SOLUTION PREPARED FROM 0.297 MOLE OF A WEAK ACID, ' *

HX, AND 0.728 MOLE OF NaX DILUTED TO 337 ML . .
HAS A pHl OF 5.119, WHAT IS THE TONIZATION CONSTANT OF HX ?

A 6.346 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF "6.400 . - 7~
WHAT IS THE IONIZATION CONSTANT OF THE ACID ? ‘

A SOLUTION PREPARED FROM 0.232 MOLE OF A WEAK ACID, HX, ' -
DILUTED TO 468 ML HAS A pH OP 3.614 ., WHAT IS THE pH . -
OF THE SOLUTION AFTER 0.548 MOLE OF SOLID NaX IS DISSOLVED IN IT?

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE OCCURS '

WHEN THE NaX IS DISSOLVED IN THE SOLUTION. . v

IF A WEAK ACID, HX, IS B8.581 % IONIZED IN 4,015 N SOLUTION, -
AT WHAT CONCENTRATION IS THE ACID 4,181 % TONIZED?

ot
i

WHAT IS THE pH OF 2.652 M HP WHOSE IONIZATION CONSTANT IS
7.000E-Qu? | g

TEST '7 ‘ ’ t \

1. 1.86E-05 .
2. 2.50E-14

3. 7.30E+00

4, 1.77R+01 M

37E400 ~ : -



Unit Test on Acid-Pase Equilibria time = 20 nin.

A 2.050 M SOLUTION OF A WEAK ACID, HX, HAS A pH OF 6.950 .
WHAT TS THE TONIZATION conswnng.or THE ACID ?

HHAT IS THE DEGRFE OF_IONIZATION OF R 3.456 M GOLUTION OF Propionic aci«
WHOSE IONI?RTION CONS¥ XNt TS 1.40E=05 ?

A SOLUTION PRPPARED FROM 0.452 MOLE OF A WEAK ACID, HX,
DILUTED TO 126 ML HAS A pH OF S5.774 "WHAT IS THE PpH
OF THE SOLUTION AFTER 0.848 MCLE OF SOLID NaX IS DISSOLVED 1IN IT?

ASSUME THAT NO SIGNIFICANT VOLUME CHANGE .OCCURS
WHEN THFE NaX IS DISSOLVED IN THE SOLUTION.

A BUFFER SOLUTION IS MADE UP BY ADDING 1.313 MOLES OF THE SODIUM SALT
TO 0.313 LITERS OF A 0.730 M SOLUTION OF Propionic agid WHOSE IONIZATION
CONSTANT IS 1.400E-05. WHAT TS THE pH OF THIS SOLUTION?

WHAT IS THE pH OF 0.858 M NaHCO, WHOSE IOg&ZATION CONSTANT IS
4.800E-11? ‘ '

TEST ~8 )
1. 6. 14E-15

- 2. 6.953‘03

l - 3. 1.24E+01

; ‘ 4. 5.61E+00

5. 5.19E+00



init Test on Acid-Base Fquilibria time = 20 min.

. [
L 4

4 -'.*?‘ N _ ’
TEST 9
1. WHAT IS THE pH OF 1.884 M Propionic acid WHOSE IONIZATION CONSTANT IS
1.400B-057? - ' - :

2. IF A WEAK ACID, HX, IS 13.48Y.% TONIZED IN 2,200 M SOLUTION,
AT WHAT CONCENTRATYON IS THE ACID 33.281 % IONIZED? S N

3. HOW MANY MOLES OF NaHSOy MUST BE USED TO PREPARF
1.59 L OF SOLUTION THAT HAS A, pH OF 2,305 ?
THF IONIZATION CONSTANT OF NaHSOy IS 5.60E-08 7,

4. A BUFFER SOLUTION"TI§_ MADE UP BY ADDING 1.352 MOLES OF THE SODIUM SALT
TO 0.R32 LITERS OF } 0.664 M SOLUTION OF HC1O WHOSE IONIZATION
CONSTANT IS 3.200E{08. WHAT IS THE pH OF THIS SOLUTION?

5. WHAT TS THE CONCENTRATTON OF Benzoic acid IN A SOLUTION PREPARED BY
ADDING 67 ML OF 4,190 M OF THE SODIUM SALT TO 45 ML OF 4.880 M HCL ?
ASSUME THAT THE TOTAL VOLUME OF THE SOLUTION IS 112 ML. oo
THE TONIZATION CONSTANT OF Benzoic acid IS, 6,60E-05

\
¥

TEST 9
N ~ Y
1. 2.29E+00
) -, : 2. 2.78E-01 N °.
) ! o
N T 3. 7.02E402
) 4. T BBE+00 -
| I Wt




TEST
1-

3.

4,

 CONSTANT

A WEAK ACID,
WHAT PERCENT OF HX IS IONIZED IN A

A 2.056

4.800E-11. WHAT IS THE pH OF THIS ‘SOLUTION?

(
IS

1S

6.587 % TONIZED IN 1.480 M SOLUTION.
4,128 M SOLUTION ?

HX,

M SOLUTION OF A WEAK ACID, HX, HAS A pH OoF 6 150 .

WHAT IS THE IONIZATION CONSTANT OF THE ACID ?

WHAT IS THE pH OF

.800F-057? - -
TEST 10
1 4 * ‘ 1]
14 -
1. 2.90E-0U4 ' ST
° 4 : ) ’ " ¥ - ot
. -
~ \' ' . \ >, . ¥ N A8
o RN 2. 1. 01E+01 : | R
¢ e Lo, ] : o ] :
. . 3. 7.50E+00 v
) T ! PR T " . : st e '
. o . oot , :
\ h . . . o s : : ' * tL m c.
. “V e ' > .

v e 4, 2.484E-13. "
o o - ' s -, :
o ) .. . . A . . R ;

o - f N ue ; SN ':‘: * * . D N -
" L ) a . . Y . K .
5 » 2 . QJ}E’ 0:0 ' . . . . IR NES J
. ? . R G
v oo S
¢ %

. o N ¢ ! '

\., 3 f ‘ - m
N Y. ! ” - ' " e
o+

. ‘ v " o]

.. : .o '\t ™
v Koy n \0) ..
. Wt Ny , . L )
..'.’ - \\f.‘ _) . ."'."U - - . o R -

u.7u0 M HAC WHOSE IONIZATION CONSTANT IS

Unit Test on Acid-Base Equilibria time = 20 min.
ﬁ v X ! . _ 3

1C S .

A SOLUTION PREPARED FROM 0.311 MOLE OF A.HEAK ACID, v
HX, AND 0.138 MOLE OF NaX DILUTED TO 291 ML ,
HAS A pH OF 3,185, WHAT.-IS THE IONIZATION"CONS?ANT OF HX ?
A BUFFER SOLUTION TS MADE UP BY ADDING 0.56) MOLES OF THE SODIUN SALT
TO 1.063 LITFERS OF A . 0.792 M SOLUTION OF NaHCO; WHOSE IONIZATION




